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mJE&aitP 1 MEBMMSMPT 1 a ^H«««SX 
PTlbi*#U M£Ha)tP2i&«8a«g«PT2 

ME/£aHrt-€-©«««lil*PTl a^W2y- 

MEH«a«K*PTl b#. S2x-;1/K1S2ICH 

MEK&a$glSiPT 1 b*5J:tfif[E»a»SI*PT 2 

co^-n-en^, Mis<fctfM2©ws**u nebb 
a»s» p t i b*5«ttf p t 2 <D*n-en©M i mm 

Tl b^<ttfME«a«S*PT2 0-ttl-€ r n©»2« 

m^, *aixTtB2^i[ffirtfc*sct*i#ai:b> 

(ABS) Kfc^T, MiM^^F- h7^^B**T 
[§g#«2] )\W>!ft. 

56»T*ftfto, X7-f^«rb, Ar)^>^fti:»D 
f#lt&nfc*»*fta:«ttr, i*ail:Ef0MRJ| 

5*PT1 a(C^DAT> WEMaiaSS*PTl b£^ 

octe»«tr^ »*3Bik:E«©MRaft'\y 

Ho 

tM#«4] ttESBa«sxpTi b^j:^mE«a 
aB»*PT2©iBfc:a*nfc*iry^JiG*4*, 

^yHG©*l«S^ MBMlMMBAlcHdttU ml 
E**?:/MGfl>M2*«^ MBM2£BBAK:B*> 

n^ct^at-r^ m**icb«®mrm&'\7 

[»*«5] MBBBM»«PT2#*Hrr**££ 

MMlfcE«a>MR«£'V>F. 
[H#3t6] MBMB«£MPT2*fB8«SXPT2 
a*J:tfPT2b^ fi9EBaaH*PT2 a*5j: 

iXPT2b<o-tn-en^ %\*om-e&z>z-t$:&mt 

[MM 7] MEMRKBD'VyFft 
MEM 2 ->-;p FM S 2 tclJOAT^ 1 FJf S 1 

MfB 1 KM S l £ME» 2 FM S 2 1 V>m 



2t. - 

MEM 1 y^G 1 tMEM 2 * 7HG 2 £<0 
Bfc**ftfcMR**fc^tr£tfcM«fcT*, IS* 
31£B«4>MR£d'Vy Fo 
[M#B8] MBMlSBB£MBM2£MB<!:0>m0> 

EiOMRS^7 Fo 
[M*3H9] MBABST0**?:7G<&fiS#gT* 

ij»EABST©MEBi«a3B»«PTl b(D&21fi % 

o. 5g^e»3. Og*ro>(BHrtk:*sc:t*»at 
TS, M*aifcE*©MRM^yF. 
Mf«31 0] MEM2>—*FMS2^ MEE^S 
P T 1 a fc JP ATMEIMBBMBM PTlb^ 
&Z.tZft®t?Z>. M«£ 9 tCESODM R m^a ? 
Fo 

[MMi i] r\W>9t~ 

ic, Bfttx^X^fcMUTJCMMttfcMRli^^Hft 
£frr*fc*(D* X9-f A^v>^rtlc*D 

*r»sn3wa»*H:t**o, tni oice«<&mr 

2] MEM«8aB*PTl b^cfcMIBl 

a«K«PT2©wfc«^nfc*+^yMG*^ M 

*ty^lGft Ml*£tfM2 4>«Me*U ME* 
* y 7MG<Dfg 1 MbP, -MESS 1 MMBAfc:Hft*U 
ME**?:/MG<DM2«sa«, MBM2MBBA(cH 
*>n*K MMl 0fcE«©MR«£'V;/ Fo 

[MM1 3] WEMRRIRO^y F#, 
MEM 2 FM S 2 iCjtoATfg 1 zs-)l> FM S 1 

mm i s/-;p fm s i trnmrn 2 s>-;i/ fm s 2 1 ©w 
i:«*nftjii*ty^Giwtfas2*fy^iG 

2£> 

MEM 1 y y§G 1 £MEM 2*t*^iG2t© 
IBk:**nfcMR«^t*$trc:t*«rat-r^ IS* 

112 tCEMOMRM^Vy Fo 
[i*«14]jHE=Fty^G©fiSgft 0. lum 

MEAB"ST<D«aMil«©fi$^ £K»£2. Og 

•c**ct*i»«fr*, M*ai 3tcE«^MRS^ 

s\y Fo 

UMHIl 5] MB«MMM«PT2«t, J*-H-e** 
Ct*»«tr*» M*W1 ^fcEMOMRM^y 
Fo 

IM*ai 6] MBB&4RBMPT2#s> Ba^S^P 
T 2 a * ctrXP T 2 b MESBMSM P T 2 a 
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mxm 1 7 ] issm-p i tmmp 2 £«rra*& 

RERRfirP 1^ JlBi«*PTl aikHMHK 
T2*#U RBKBRRRRPT1 a#, MEffiBR 
U 

REJSRRRKRPT 1 a £§tfiift§B&®K-£^tf1&2 

RBM««R£*PT1 b#. ME»2->-;PFHS2 
\Z m IT^rX * JUT * 3 - £ £ L , 
REWRS»fi*PTlb#. IBWRB. * 
2«S43<fctfMR£WU h9»#. X7-^7U>yffi 
(ABS) U HSR®*** MR. ili 

,B*5«fctf*2«»CJ:oTffl*ns^t*»«^L. 

*fl9ER«SBB*PT2#, H»Ra. JKRRBu S9»- 
Rl«R*5«J:tfR2«R&*rU ABS<D-g$ 

fflEM®s«$*PT 1 boisansffitsaEfissafi* 
Ms mrswu isa^ssEABs u s 

RE1B8SRBRPT1 b, 89E*w7 r HG^«fc^W 

EBWi««PT2o*n**i©»i««^ seise 

BrtTRRLTfcD, *EH««BK*PT1 b, MB 
*v y 7RG*J:tfRERRRR* PT2 <o-tn^n© 
|2fBK RZRRRrtTRRLT^actfclHoU^ 
U 

ME*i*itB*«fctfi9E*2*affi©-tn€ r n^ n 

EABSICJ*UT*ST»0, ttEABSOfiiT, Aft 
[R*R1 8] ttBJgBffiSSB^PT 1 a*«fctfRE!B 

mEag^n^ p t 2 brrrb* p t 2 a t&m 

««R*PT2bt*«*. 

ifflEKBffiSSB^PT 1 bfc£tfifftEl£Bli$BSPT 
2 bOtmft *EiHH»PTl a^ck^mrtBII 
«WBR*PT2 a©*f»«fcOK^ : E-^>HOfi»& 
«Tft2:fct*«fc"r** 7£ER®mr«£ 
'Sy H. 

[B*fll9] OEABS"CO*W^G©«a*gT 
ttEABSTOREHBRRRRPT 1 b©ft*#. * 
IB10MRI^7 H* 



[ffi*«2 0] mtt*v-7G0>&2B&* 0. 1 Mm 

1 9 (cEROMRR&At? K. 
[R#«2 1] ME»2S/-^KRS2tf, ttEJSBB 
SfiPT 1 a\zmx.X. ttBHRCRSRPT 1 b£ 
§Crc<L£#fK<bT*. B*fl2 0i:St<OMRll&'\ 
7 K. 

[i*12 2] RBMRRRD^? Ftf. 
MER 2 5/-^ H ! S 2 KittJATR 1 v-;U HIS1 

&m i ->-;i/ kb s i twiEm 2 *>-;w khs 2 <t<DfB 

■» tc^*n/imi^i'77 r lGl^J:t;^2^v^yiG 
2 

MBR 1 *r «v 7!G 1 £MER 2*t7^IG2 <htf> 
RtR^nfcMRR^tfe^ttC.tSWRfct-*, »* 
£2 lfcBROMRRft'Vy Ho 
[R*S2 3] M?i?>!ft+ 

IC, K«x-f X^icRLT*«BWJCMRRft^«y H£ 

£»-r*fca<0* ^y-tyz^ts. i\v*j>9nK.9M 

(#W6nfc3[»*Rt**&* Sl*«2 2i;E«OMR 

[R#R2 4] MB«««R*PT 2 PT 
2a^J;tfPT2bm, HE«iM*PT2a^ 

£T5, R#R2 2KlE««>MRR£'\y K. 
CM*JS2 5] iBM8«PTlbWtfPT2©*n 

*n#»i«R£«2Mfc«rr*. ms^pt 

la. PT 1 bfc^PT2<h, 
B^EmS^S^PT 1 a&^ty*2 y-Jl'FIS 2 
ttMRRRQA>? F 

MEBRRBRPT1 btf. WE*2->~;iKHS 2(c 

ME«a*s*PT i b^i:t;pT2(D^ti^n(osi 

MStf* Rl^RBrtfc&R^-frStu ffiE&SRSR 

pt 1 b^<ttfPT 2<*>wen0>a5 2 mr#* ^2^ 

WE*l*«fctf*2©SBffi^ AB ST, MRId'N 

I^n«Ci:$»att5MR)l^y Ho 
[R#3B2 6] RE»2*>-;H«RS2*«, ^lEiKffi^ 
g^PTla ICSUAT, MESRRSR PTlb^§ 

fflBBffi*S*PT2rt«, m-R-CfeSCi^ftatT 
-5, R#R2 SfcEROMRR^yH. 
[1^*^2 7] iJEABSTO*ir77'GOfi$*«gt 
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jWBABSTOME««»K*PTl b<D*3#. 0. 

IM*S2 8] XT • ^7U>^ffi (ABS) <hOXD 
U j»BABSj&>6/ty* • tt/t? 
-A HIS 2 <b£J£J&T3fctf>'>ft< £%> 1 t?<0«ttH 

PT2t*lC**Sn*lB*H-P2€:, WE/*** • * 
g?J£ P T 2 OfflE* 1 & 2 ©SfiWfilC** LT^ 

n-enfiB^-fr^nstgi *5«ktf*2<osa«a*^f"r 

S»8«S*PTlbt, WSItPTlat^ JS 
P 1 SJMWSfcJk WE«S«g*PT 2©ftfiJ 

ffi±TWEJS«>iP i %se^»D*<fc». ®^^n 

fcMEKS*S*PT2^TX^tUTttfflbT. B£ 
$ tlfc«»E«i««S* PT2 ©ttffifc** LTft* 0 

7U>$ r B (ABS) icJ:t>T»»W^H*n«]H»* 

[t»#« 2 9 ] itEjscM-p i o*ttoiiw»K 

H5t$*ifci(rE«ffias*PT 2^> adEKSM-p i © 
*»e®BM*#«c*fc< £t> i -30H*> * if- a 

Scfcdtc. ■*anfcHEBMIK*PT2t*®<Hi 

ffi±<oK«&«arr*BBn£«rE:7* h wis v • 7x 

^ftKKtfSX-ry^S^tK W#E2 8K:E«eO* 
[«*3»3 0] ME*>5lo©«ttIi**«rt"*^7 1 v 

rromz. wEisafirP i *>*B«©Ba««#£#/ , s 

-T *&aM(lE*l>fc < t h 1 o®*ttJB©±fc* * * 7 

^ Jttejaajt p i ©*H.3e©aawi»»^^^> • f 

ME*^y^HGk:B«BK*PTl b*itfPT 



mxm 2 8 icE*©*». 

WE^Vy^HG^ita-rsXx^^ ABSTO. 

mII2A B S TGtf&EBSSSE* PTlb<Ofi$^ UK 
WtC2. 0gT*£C££»«£T*«#«2 8tCfi* 

[81*313 2] «IB*fe< £fclt3<ZH:*> • £-A£ 

A*ffltt*C£**&ft*£fcS#»i:"«"*, ff!#^2 8 
£E«©#& 

[S*53 3] ME*&<tfel^©-r*>- tf-A£ 

»l<*>-b?-A^ 0' <K60' <Z>MHA0>A 
»2>f*>* If-AW, 6 0° <K85° <ora^(7) 

W*«3 4] HE*l-f*>- tf-A*. 2 0* <0 

M#H3 5] ME»K*> • K-A#, **»fc3 
0° <O#ft0T&D, 

S9E*2-f :*> • fcf-Atf. ^«tttC7 5° ©ftg^l 
»3$B3 4£B«©£iS. 
[»3#S3 6] ME*&<fct>l^©-f tf-At 
flWXfy^ *«*BPT2©JK£»^3li\ 
MBaS*fi*P T 2 *«9tSXr ^ flUE^ft 
< it) 1 *PtfH#> • tf-A*|fiait*Xx!yyiC±oT 
5l#ig^an*»E«a«K*PT2<OW$<0*^-C* 
5iiiOJS££WT£«««BSPT 2 &*aT5Xf^^ 

MI#B3 7] j|»E^S:<t 5 blOO>f*>- fcf-A£ 

ftwxfy^m^ H£snfci»E«a*is*PT 

2«h^O=&ffiffi±©K«i^filffi$ : &S^ : £i[EABS 

]ia>T'P2ico±T^®«icoxD-h • i/^fc;ty 
A^isj»sci^e»&o. 

MBftft^^ 0* <0<6O° (Ol6HrtT^^Cli$: 
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faVZ>X7-v7&* ^lM^2^t>- fc-A£ 

ft. 

[1^4 0] ME!Bl-f*>- t-A^\ ^M^C3 

ycDH^tc. MBffiaJtP l©*B£©«a«S#£#A 
-T Sfc«>*E*& < £ *> 1 o<0«tt)i<Z)±lc* 

B A B S TOI^? g £ fcfc 6T«» 5 6 fefc 6-f - fc * 
MfBABSTCO^aaHSPT 1 b 

ft. 

[»*B4 4] flE4>&<fc ! bl"30M'*>* tT-A* 
WtSXr"?^ *f*>- fcf-A- SU>y -^V> 
/W9fc. -€-©±JcKB**«*nfcS9Eic«K-P 
<Xf7^ |«Eft«H-Pl*J:C«-©±fclMI*ft 

TaXx?:/£Satr£££1*»4:TS. §8*14 31;: 
B«tf>#ft. 

a**rrs»E«««s*PT2t*«rr*XT-yy& 

;hW»0. 7 Mm0iS££*rf£<fcatC> OEJSBfrP 

w\%^>U<thi-ooy^^> - tf-A£fattsxx>y 7 

*«. fflE««»!ISIPT2<Z)JP$&»2wm« / >$-ti-S 

K*«4 4k:E«©*jSfe. 
[»#B4 6] MRKftO^y Hfc»a*A.y 



IBli5«fctf«2<Ov-^KHS l*5£tfS 
2. BE»l*5cfc^«2a>S/- ^FHS l*>£tfS 2 (DM 
\z&£ tltz& 1 « J:tf» 2 (O^t 7 7BG 1 45 ctr/G 
2. fcetflC, RSlfc.fctf^O^^JiGlfcJ: 
tfG2©W:l*SftfcMR*TttU «E»a^7 
Kjftt, X7-^7'J>yffi (ABS) *6Ayjr-*t 
7^T«, SA7^ - *^y7££fr&afrP 1 1 
HgfrP2<h£^ ttJfiStt-P lift*. 8§2v-;PKJi 
S2^MU SEJlIfirPl^ WEABStOXD 
- h • [s*V\,t<Df®lzmzfZ>mSilimmPT 1 a£J;tf 
* PTlb^l, MElS«frP2^ ttEABS^Ne 
OXP-h - u^ta>M«cK^s«ajBS*PT2* 
*fU H9IBKS»il3llPT 1 b#, h9E*2->-^FII 
S2, MB&Cft-P l43<fctftt£«a»g*PT 1 ate 
[liLT^xX^T&D, fl»E*2S/-;PHHS2^ % 

ME««SBR*PT1 a^cktfPTlb***, 
zfMGtf. h9E«8S»S*PT1 ai3cfctfPT2©Mfc 
&£n* WE«a*il*PT2, iE*t7-/IGisJ: 

tf*9E«a*ii* p t i bo-en-en^ 

2(7)II11HL, H9E««Sil*PT2, ffiE** 
y7IIG:fc<fctffflE«B*SiS*PT 1 bcomi^fifflg 
a*l£fiffiftT»«ELT*5D. <fflE«a*K*PT 
2, WE**y:/JiG43j;tmE«a*E*PT 1 b<D 
*2Sa«S^ f^luMftT^UTfcO, iftESS 
l:fej;tf»2<0£i&ffi#. fflEABS£#lxT£fi-e* 

ABS T'l^CillT^ 0 , 

(1) fiEMRHaO'Ny K<Ofl9BS2 v-^KBS 2 

(2) MEABS toxn-h • k^t«p H 1<D*B^ 
<0«a*ffl»t. mJEOXD-h- Ulfrtnyt? 
^ y yt©IB©Ay*«»tfc#-rsi»EJl£«ft-P 1£ 

r^7^^t77 v miHaSA 
BS*^iEA*7^-*t7^ fflttttJI&Ml 

mf7^ 

»EABSA^(»aoxa-h • mTEfgl 
^tt^(D±lC^VU/> r gG$:m«-r^Xx7^ch, 
ffirESB 1 £cfctff& 2 <D^itffi®£WT£»££ tlfclftE 
maag^P T 2 £#T*»EBi«fr P 2 £»J*"*Sfc 
HE»l«t»0±'C»E*lryyBG«)±IC*2 

MEeassx p t 2 <D#«ffi±Ti»E* i fflMfcW 

£ bTH^Ema^S^ PT25: 
&fflLT> MEKSfrP l 

K*rtO)MEJ8l«ttHT, fillBABSfc*Jt«fcW 

-cMEiaaais* p t 2 <o» 1 *$ £tfs§ 2 ^niics u 
xn&eoismz, *}>u< tt)i^©-f^> • e-A* 
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58S*PT1 b ICS lfc«fctf* 2 
U 81EABS£:ffirEOXa-h • l/*Wfc©IH©* it* 
E*x**A*R<«ttH*i* HSfBmS^g^PTl a 
^fS^@^g^PTl b^r/PT2^1i 

Ti b;fc«fctfPT2eD»2fflg#, S2^tESftTft:!i 

^-e-sru t9ESH*5,tr;a2«>Sitffii^ ^ieabs 

i6E«ff*S*PTl b^i^PT2(0»l* < ktf 
2©«a^E*^yy)iG{c ! bfce > -r::i:*«Fl»t*r 

[H#®48] «E^ft<tt)l^*>- fc?-A£ 
#tS^f>;^ S§l:fc,fctfS5 2 4H *> • fcf-A£ 

i»fiSl'f*>* tr-Atf, 2 0° <K40' colSH 

WE^-f - tf-Atf, 6 5* <0<8 5* Olgffl 

[»3ftE4 9] fi»ESl*5i:tfS2 0H:3->- fcf-Afc 
ftttSXxu/:^ <SEK«*g*PT2©»3£i*4> 

ME««*S*PT 2 £«j*t**fcfclc»ttJI£*iaT 
5Xry^ WE*3&:<tt)lt?©'f*>- If- A* 
lRl*tSXT-^^lCJ:t>T5l#fi^Sns»E«*a»* 
P T 2 <DJ¥£ 0»'>T*Siift«3 **-T*«>E««* V 
IiPT2 S*«f-6Xry y**tl d fc t U 
fflEmfc«fctf5&2 0*f:*>- If-ASrfpJttS*^:/ 

©Mfc, ins$nfcWE«a«s*PT2t-^©#«ffl 

±4)K*££@ffi£i*£&£i9fBAB S ittEOXn- h 

±T*RMI;:fflE0Xn-h • l^l^W 
y^(Drp1{C^X^$:it^'r^Xx^7 r ^^^4 8 
£E*©#tfc. 

M#H5 0] 89E*^^^lG^*«IT§Xx^y 
HE4 s wyGk:mEABSTOft*g«r s b&&r 

«JEABST©WE««aB*PTl bCDfiS^ 0. 

»*S4 9fcEiW>#&. 



«fE»2-f • fcf-Aj^ #)7 5' (DftmOThZZ 

»*3»5 2] i»E*^yyHGS*»1-*Xxyy 
ifi. 0. ljtmftt&O. 7 Mm*-e©(6Hrt©JP$ g£ 

«®S^PT2^mXf7^ ^7wm 
£«?£ttEB&tt£* P T 2 ^iit^Xx 

iffiESl££tf!g2<^:t> • h*-A£lRHt**xy:/ 
ftO. 7/im(DJSiST*S«$*WrS«**WE 

*JE*l^<fctf»2(D-f ■ h-AW«Xf7^ 
t(fEffliffiail*PT2 0jiJPS*tt2^m«'>$^ 
M*«5 1fcE«<&2rtt. 
[M#®5 3] HESBl**tf»2flK*>- K-A* 
fSl^Xxy^ If- A • 5U>^-^^> 

JilC-f li-A*fil»T^SIBK:, iftlBlflimteJi 

5 4 ] f»E& 1 & «fctf» 2 OH • If- A 
[If*® 5 5 ] mlfEJg lMW2^t>- fcf-A 

[0 0 0 1 ] 

^*t^mm^msaBA (mrj ^y - Ht» 

[0 0 0 2] 

-tz>mmm§s&&% \z&-> tf- * n*. 
[ooo3] nmm.m&fr'sy h«» (sum**** 

«ca*»*t* (dice) ZtWtZ. 
[0 0 0 4] ffRffi&^ty Hfctt* «tt*m©*« 
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h (throat height) j £#T*Bffi««£i-tt£*rr 

7U>^ffi ( TABSj ) t, jSiltPlUM^ 
P 2 MMEIft y yiCWKT* 0 h • A-f h 

• u^;i/ ( roxp-h • u^Jki ) tcoffl-emfezti 
6. MHBSlta^yHlcfe* ABStOXD-h- 

*tr/<5r*K«*ft*n*. Bfro^n-entt. b<£$ 

[0 0 0 5] ft&Xitt. KM^y KOJSSfrP I43ct 
lflg«fi-P2<OgftT**. ^>VP 143<fctf]IffifrP 

2<&**ven*«. «»s««-ctt«s*i-»tra. b 
oT5>gi$n^>o iM«)tP2<ofiasatt> B3c£Bg& 

[0006] x-fx^<z>mffiais«*fcoiciait$ns 

@18tt. B«B©H<BBSS« (flux intensity) <7)^ 

l>9y£r*-f>^J TTPIj T&So 

»ii*A.y HCOTP IffiM*. t—9 • h77^©B* 

[0007] mrrk officii, met^iaf^ 
(mr) KsRtfttjfiana. £<DB»»*sas£»ii 

mt?Z>. B««ttB*©*Stt. BattttB*©l6tt 
*fcj&<B&JSM**> n*BjK«&«<&£{fcK: <t*ti« 

fcfcfc, BSt»tt3l*tM»Mlhi8«8*««T*, B 

afi«ts*tt. ***** «&&) iGia*tv^ 

HG2lC**tifc»HH-C*0, -n6H *->-^H 



g§8S£> SW0**y*t»TS. l»0*iry*)W» 
*intf«^li£. M RRft 9 ^yF fc 

[0 0 0 8] gi£<D&ffi<fliI#tCcJ;oT. MRSp (me 
rged) 'vy FtffefceStlfc. MRl^yHm M 
RRttD'vy F<hS&*^y H*a*&fe*T«ffl-r 

'x *y F<BKSfirP 1 tL/Tttffl-rscilCcfcoTa*^ 

aoo^l:, RflW^v Ht»ii*'sy FORBJR 

[0 0 0 9] U&>U SftaMRfcS'Sy FWSTCtt. 

a>B#«u K«K*P 2^b>Jg&frP ico, P2JCcfc^T 
BS*n*lB«*iBAfc»»^©B*JlinfcJ;oT4i; 

£«£ftJIBU Ufc^T, F7*y£?g8W>±l8£ttR 
T<5o MR*^7H(0B»WlcJ:t)Tt 
£&i;ft/i h 7 * * £M RB*tc J;oT»*«lSWpfc 
fct, MRI^0 rt7h77^J ttlftW&lfcfcfc*. f 
MRS*)0^ R&9+<Dh^#CD4M>^68l 

y^a>B*tT*Wft**. 

[0 0 10] HH^* HTtt. *B«»g*PT 143<fc 
tfBB«JBR*PT2©«l»3W, ±"FOffilt$:^'r^'f 

<D®M* icMBS^Bm P T 2 \Z J: o T5I €Tfi £ $ tl% 
ythM >#<Dtcsblz. *Bfiag*PTltCffild^ 

©Wffitt. B«lOlB<0**y*«>l»ftHiLS*-f 

[0 0 11] MRS^y H^BaTSfc*©**^ 
tt, »2S/-^HBS2©±«C*W*«***Lfc« 
jc, *^y*Btf!)±K:H««»e*PT2ftii«-r^ 
SBffi»5*PT2li, • 7U-A«6o 

ii^T'^^o aBffissss*PT2©fitt. ^£&£n* 
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S2I1 WlW^y Frt<Z>MRil**>'-^H"rsfc«> 

Maas£» p t 2 <d^^s Araic&tf saa 

*;H6*>fc e>Tm 2 3/-* HI S 2 (D^lCcfc oT3l 
SBCSn*. J£«««B*PT1S^&JB2$/-;WH 

fflM£#T££<t#M£bWSTi?*£. L#>U 12 
aaHPTlb&f^O, S2Bfc«fcO«J£<0l£a>aa*B 

«©pcs*«, «afrpi©aaa«#"c*o. aasui 

PTlb^ «iSS*PTl a©iT^rX^;V (pe 
destal) **j**T*. ^©&> MIPTl btf)_tlc 
*^y^H*»*U *©***;y:/B©±fcIgBfrP2 

©sma^g^p t 2 sjmw*. ^omg^iB®«> 

(l) 7^ hl/vx f • 7^^>^ffi«fflbTli 

sipti btmmmmm^r2<D^n^n^yu- 

A*o€rr**». (2) ]ff®tf-P2tf)3-^&*££VX 
*>^U !S88iaB*PT2t«a*HPTl b0i^ 

t 2 trnmism p 1 1 b©«£ft@£-trr£ - £#a 

teli-f n*«4Cs^&T**. -f *> • f-A • ^ y > 
?<D*6. 5y>yjB®H«Bl3Wfia*K:PT2±C* 
«U ^(OToaffi^lPTl btf>v*F— f>i^*3l v 

HPT 1 b^n[S]^x-A-^^t)fc6To yt F- 

-r>^rat> T«©aa**6«aK* K:?y>v 

£©a«fcJ:oTa«©aa***Efctt'Mrfc 
[0 0 13] 

H7-fx-f>y (sidewriting) fc»/Mfrt*fc*K* 



[0 0 14] *^t)9lO0l»H *7 h5y£ 
[0 0 15) 3 lt?(DBttte* *<DtyO)m% 

at#Tsaa*^!y Foaaa^i/tfcaK^v- 

[0 0 16] #f£91<Dt>5 lt>©ltttt* S2y-^H 
IS X^MSl/, -^^tX^ 

^iSlPTlbtUTK, *<DT(DS2Mtfm 
j&^yF©JS«HrP l©BS«lil*PTl a^LTS 

<ut*»«tu aaaaPTi boaa^Maaa 
g^PT 2 ©«a£aa n* c t zi&mt 

[0 0 17] «<DSAM3«fctf;BffifcL *«W©TIB©K 
[0 0 18] 

F©1M K^U^EWi* MRM^vy FHiS©«UI 

ic^tsae©2Xx^^ofe^<fc^T«fftsnfc. 
jBiojtatt. mm^mvribo)^ (s2/pti 
aaa*fcat***xx*MKW £> 

So =Ft7^1G©«?gO0. 5fi^L2. 5fg© 
^£ ^tt^^rX^iUffi^I PTlb^ffllr^^ 
^fX^MMiPT 1 b<D«gOTHa«*S*PT 

B^-frtt, 2^©X7 L !y^^O»2©f6^<fc^Ta 

y7 r a©±iciBa«aii*PT2*7V'-A«)o*'r* 
ut, 7um<D»$^wt, afi©«e£*rraiiaa 

JBS*PT2S:«dE-r^Ct^-C€rS. W>7srv? 

iBasas*PT2*vx^tbT«fflUT. Jim 
a«s*pT2o«afc:»UT**ftKTHa«Mii* 
PT2©To«itii:>f3r> • e-A^rpiitT, mm© 

§fflB©PT2©T©«ttB£«Dfc#* ^fX^M 

a*s/iPT i b^*T*ct"c*s. aiE^ftft^ffl 
Kzt. ^rx^;vaa»HPTi bcoaa^Maaai 
s*PT2©«ataBtttB-&-frsnst^5«<^ 
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2 ->-;UK@S u >y-r<5c<t#-c#6. 

cniCcfcoT, 352 v-JUK!IS2<Z)±lC^xX^t'£ 

a. *a»a*t7^fitto. 3»inr*w, cm: 

£f»£fc«&0H • t'-A • ^'J>yiC<fc*3S2>'- 

JH*BS2 0«IK#tt, «afifiiS**'>-^H-rs«g 

*yhtH»K:BiMI«r»*Tft. 5 
5° a)MT«mr#e>^Ct«oTO^. 

3 o ° i bf-A*«* ? h <hB*B0>gw* 

^l/WIPTl b<0Fi3T^fiK:ftB&it£nfc<$]l£ 
;PKHS2<7)±tC«ttH«:«^ *2 056SJCB8bTtt 

(C, ^xX*;MB»8liPT 1 b^ty :/H©TfcB 
T£3„ m^^chC Z.(D2-D(D%^m^X. 2 it 
[0 0 19] 

new, ®e-rs«a7 s -fx^4 2^o«st5 f -fx^ 

yH4-6lctt» MRitEtO'v;/ H5 0 fc*i&* y vy 
2tft$&nZ. 7sV< * r 4 8£MRlg£'Vy K4 6<0& 
ffitt, X^^<Z)X7 • ^7U>^® (&T> ABSt 
Hfft-TS) 5 4£>¥®rtK&3o ABS5 4I1 
^X^^lHieUT^^^IC, MRa^yK4 609± 
ift$T»S5E«d/£W«mx^X^4 2(D^ffi^e«IB 

■9-X^>S/3>-7ir>yU5 6lC««$nSo IBifjg 



[0 0 2 0] K5 2<0«ffifflg*£. 0gT 

S&IUxh' X^h77^62 ir»-rsftf^B8K-CH 2 

y ^ KESS tifcttf «S*"r«*RC*, ^6 4 fcfc 
0(O#ii^7 K(DTP I -C&£o S^^^ K<0«« 

*g*<&«#!wntf»wa£, t p 1 < 

A My h££<hTP I Ki*^? KOBft*** 

liens, cnti, «ax-fx^©*(affi«*fco^» 

[0 0 2 1] 03 tt, MR»»0'\yK5 0£«&*'S 
*/K5 2£*T, MRS^7 H4 6©9»0T*S. 

[0 0 2 2] H3^e»^Sct'5»C, MRK»0MH 

Hfct mi y-il^KIS 1 <h£S2 2<DIHfc 

**nr^*. MRS^yHm \>AT\mmam 

2#, •i&^y F5 2©£«fi-P lfcl/tfc«<. 
[0 0 2 3] H5^6t>^*<fc'5JC, •i&^'Vy K 5 2 
tcte, X7 • ^7U>^® (ABS) t0XD-h • V 
^;KDWlC«^n4«tt»««t, OXP-h • 

MK5 2l:H H5«M-Pl<hIS«M-P2^$*ns. 
j£«frPltt. MRRWO^y H5 0<oaS2->— 

s 2 ^*rtc-rs. &@>tP i tiiafrp 2 a>*n-en 
M^^aaiMi, ny>?***y-j (bo -c^mwtc 

±«o^rX^MiSiPTl btftttiS. Mffifr 
P2tCti, ABS£0XD-h - U^;KOH©«K«S8« 

a, K«as*PT2^*ns. ms^s^PTi a 

t^rX^8tt«IPTlbH MRBS0MH5 

o©»2^-;n«)is2*6— #sc«i»*sn**«» c 

nJco^Tttft-rfflBllCKWr*. ^^ys (G) 
^rX^;WB««liPTlbtB«fi«S*PT2 

tt, I^O. cntCctoT, Sj&^^h 
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0. l/zmfr£0. 7 um^T<0$gHiC^ct^ 

[0 0 2 4] Sgl«j&!Ii£. 7* HJ 7^7^ ft 
9B 1 IfiKJB I i©JblC, 7* hUvXh • 7U-A&0 

IBB I 3 £*tfIT3o 
[0 0 2 5] MRfi^tyH4 6* Tgf^j £*T3© 

<7>&S$ #M R tt» 0 F <0» 2 F B S 2 £ « 

»ttB**«t-S«l31X5r !y 7WFgfcft* - £~?& 

«iB*!iA*»2^-^HBS2©*#a:«^ Hffli« 
SiPT 2 <7)$l£lgATSf§ 2 HB S 2 

TK^^^^. £<D r^K7U>^ (side-fri 
nging) J BXtf* *M F^-f x>f >^£3l#igCU 

COBIBWU *2^-;WFBS2*=¥iry7 r BGa>W«l> 

g^IPTl b $Mt^^fX^;^f 2 y- 

^;WBSMBPT 1 bCDTic^ MSIPT1 a t 
*«SBB*PT1 at^fX^iH 
gSBPTlbte> »2->-^HBS2*«jST*l£S 
K-P10i*ggt?*S. ^2i/-^HBS2©Stt. 
MRRftD^y F5 0©MRS**SS*»tCS/-;WK-r 
£<DlC+#ftf|-C&£o £0«fcL &S*S£X<Z)4i#S2 
/imT&£<Dle#bT\ 5 OjimgKtT* 
£ 0 tB2^-;PFBS 2<D«*7 8&£tf7 9ifi. 

1 «fi 8 0 *5<fctfSt§ 2 <B® 8 2 SrWT^xX^l' 

fc, ^t'^iGH £fi©»l«fi8 4*5«J:tfS2« 
fi8 6£WT*. *v^:/BG<D±lC**lga«Wlf* 
PT2H Sfi<0*l«M8 8*±tf*2«H9 OSrW 
T*. ^fW«iPTlb^l«8 0, * 
* y 7"B G (Dm 1 Afi 8 4 tfllftSttgX PT2© 

^2fflI8 2, 8 6:feJ:tf9 0te> g§2^fi®l 0 2[*9 

0 0t»2*ltiBl 0 2tt, ABS"Ca^lC«WPBtwB 
*>*1T* flFii^-Ny K5 2©h5y^Sw^»*T^. 
*lSfiiBl0 0iS2£iIifil0 2HU ABSKttb 
TSBTfc**. SilSiSffil 0 0<hSf§2mfi®l 0 2 
«U ABS*^0^a-h • U^<)V^T<D±mzt>tz-D 



Bffil 0 0<h^2iffll 0 2 (^omg^g^cDAMcD 
fcr&T, »2 5/-^FBS2©;fcSft«WC±oT5l* 
-c**. i0^fx*JW8i«IPTi b©18fi^ 
[0 0 2 6] ^fX^MS«iPTlbOfi$^ « 

(Di^f^ttMfX^Mg^IPT 1 bft*ritTS 
fcft©* 2 ->-^ FB S 2 ©«j8«JKRS £*£Ufc. 
09fcC>bBl 2K. *-<&##r<Z>J6*£^f. B9fcH 

bHi 2©*n*nTtt, (i) &@>t (pi) co^o 

JH£jkU (2) Mmmfi©^7h^^^fl[«IC»tT 
iEJftftSnfc'Ny H«»*^Oy hU (3) \Z£/uZ 

»5i*«IM*i6"r»W-StlT^S0T, 0. 4©jE«ft 

Hfi«T^s»7U>v«*&to, (4) 

U (5) Jft^^fittO. 
0. (6) @£T£x>f X£<0±T0^ F©ff±K£ 
1*0. 0 7 5/xnVC&D> (7) rfcfcj <hfB£tl>« 
$te> Lfc^T^rX^«g^lPT 
lb«<, ***:/BGjWII2S'--*FB 
S2<DSLLK:*S (I14#I) «£<DlMFF7!y* 

»a««*"e*D» (8) r^/jNj tEstifc»jB«, 

»150^f X^MSMPT 1 b(DlM H by 

(9) r**j <h r^/M ok 

*y740 3IM"ft*r&l. 2//mTW. 0. 4 (DIE 
JftflS^y F«#T> 1M F F 7? &B 
gO^fX^iHI^iPT 1 bOJR/MM Hh5y> 

xX^MBBMBPTl bOft^^ *ir*^fi02« 
-Tftfr^O. 0. 4jE«ft:'\y PB»T 

S9BPTlb<Dfi$^ **?:/ft0lffirr&*r& 
0. 4iimT*«* ^ftTfc. r»*j 

m\z&r>T&t<nzmmmmi%\zft^&mz&-rz>. m 

llfctt, S2y-;PHBS2O9^0. 4/iniT^ 
t>Tt>, 0. 4/imOg^(D^xX^;VmffiSS@PTl 
bCfcot, ^r7^W4<#«El»*ii*^y H 

Sn-But*^nW5. B12TI1 ^tX^JH 
fi«iPTlbOfiS)W*ty^fiO0. 5«-r&t>-& 
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CO 0 2 7] ^xX^JWMMWlPT 1 

fiSOffSpJflEBHtt, =ft7^fiO0. 5ffi**&3. 

MJBPTlbO»*L^fiS*fctt«afiaT*S. * 
tyyoSJH CCt/TUcO. 4MmMOltT 

fct »FS?Tfl6&ttiefc:BLT. 0. l/im*6 0. 7 u 

dbt, ^fX^MlSlPTl bOttfcS-fcttfiS 

fg 2 >-;i/ KJIS 2 A i:^rx * p t i b £ 

mtittt&Ztifi* M0iST*5; S2->-;PHII 
S2H M#f27Mm^£8/im£T<7)JP£T&D, fi 
Um«l *(DttSBfc«»Lfc^. Lri>U Sir 
«*7 8*5cfctf7 9**«tcAnT«fcOJP^S 
2y-^HIS2««nct^^o MH^^t 
tt. :©^l:«fcoT, ^fx^WlPTib^) 

L*>U »2S/-;i/HBS2©±JC»JflDJi*ltSlU 
tdmz. S2y-^HIS 2t»45Sfi)5^S:5^f 
X^MWIPT 1 b&KW£fc#jg3Kttfc£tfs£ 

&<£$JI P T 1 b *«* 2 HI S 2 <h£fc£#fW 

iisiPTib^ 3 fc*ic, aft:* 

2&teE<D&&m*-*>b<Ottftfre>mf&Vs S2y 

S^bMnci^^. 3§2v-;PFJIS2<h 
S^^Wb^^^rX^MiaiPT 1 b©«rit 

CO 0 2 8] ^r7*;HgaiPTl b©fi*©fi« 

x *jhmhmpt 1 b&xztmm^mpT 2 b<om 

tt, TO) riiRH^y H*WS-r**ttj TBIBICK 

CO 0 2 9] CCT* B5£J;tfB6tf)MRm£ / vy K 
4 6<0ffi££, 01 4*5<J;tfBl 5tOft*ftffi<Z)MRjt 

'VyHTftt, 1B«««BPT2j^ IBkl^y^HG* 
«E^»2S/-;UHJiS2©±IC»fiESns. »2->- 
^HHS2tt. fcBfi-PliLTBS. ^Omf^MST 



tt, I«IPT1 <hLTil<o K«8a«)lPT2* 
JB2 3/-JUKHS2*6»IK-*«-©**^ 
7/fGT&6. S2^-^KJBS2 0)«««qiBS»)| 
PT2OBtJt«LT*:t^<0T?, ffi&®*S!PT2^ 
^■€-OB*iBAT»2>-JUKIiS 2^. toO0^< 

tt, 1Ifi&&$Jf PT2<h, fi£«g»JIPTl£LT®< 
*2^-*KHS2©B£**. HHHMPT2 0)M 

CO 0 3 0] B13IC, flBfcflEHSORWsy H*ABS 

iz£-DTttM2tifc&mm*&mPT 1 tsraffiswiPT 

2^*tl*. Rg'Vyb'KL ISMIPTL 
*y7 r JiG*J;tflSK«3SJlPT2$ffifflLT, KttQH 

«u B*Snftta<M t Jg&««JlPT 1 <hJI&@ 

MPT2ica*«ftwur. »a*»fft«ffr*. 

KttOBflWBfctt* KIMlPTiMtfMtM 

»*^yH<0^7h7!y^tttEtt, B14*5<fctfB15 
\Zf*2tltz'&&tmV>MRm&'\y K0*7h77^tt 

p t 2 ottm&mwL tcct 0 ifi < &a^-fr$nTv^ 

tt, !&«8W^lisaa«IHPTl*J:tWI«««IHPT2 
T2^ct«ilfiaiPTl«)fiM £<Z»@#T, 

S*©«S(C«S! U M&S^Jf P T 2 #T<BJ£«®B 

■ PT2t»JtbT«KOj(5«B«BPTltt, *'>CD 

0/zm) Kli, fiWPB*W*. 
10 0 3 1] B7fe«fctfB8tt, H5fc<J:tfB6(;:iR3 

HJBW€:^TBT?»5. B7 43j;tfB8 4>%Hffl-?tt, 
IifrP2^ «®BS*PT2 a*»ric-r*«K*ffifi 

&*rr amatts not, efissK p t 2 b 
»fisas«PT2btt. iiosiiii 1 4&&zm 

2flKll6««TU ««MS*PT2a«. ^ifiCO* 
11B1S1 1 8*±tf»2«ai 2 0^tt5. B8^& 
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bO&lMmi 1 4*5«fclfl»tt»g*PT2 a©£l« 

gi i ^-n-pnsisitffii oortic*o* 

X^WKIPT 1 b<D£2«IB8 2, *t7^IG 
0^2®S8 6, ««S£*PT2 b<OS2«il 1 6 
^J:tfl8«aB*PT2a«)SB2«ai 2 Ott. «2^ 
SI10 2W:^ IiaS*PT2att, *©TO 

B«*nTl>**«, Bi*S*PT2btf4 E ty7 r IG 

«S*PT2a<DABSTO«B^ ^xX^JWMM 
1PT1 b^cttffl8tt«S*PT2b©ScfcD^>iOJ£ 
88SS*PT2a^J:tf 
«SSBS*PT2bli. B«*»*PT2baWWW 

iPT2 at&fzztmr&zzttfmmztxzmz, 

&Sg3?IPT2b£. »t*2«fe^©»fiSl ; E-^> 
h®*m*»&*MfcU BiS»PT2a^ /WD 
-f ft ^(DftfiW^ - ©Sfto* b JSf ^ fctfT? 

to 03 2] T?m\?z>mf8.<ojjfe&m^z>t. mr 

l>. H5^«J:tfB60^-rX^;W««iaHPTl b^<fc 
tflRKSMIBXP T 2 ©m&llH 7 CD^x 
X^jHWiPT 1 bfc«fctfiK«SE*PT2 b<0« 

^tl*^6TP I**«6*^fc3WC**. £© 
[0 0 3 3] 03£J;t/04fi, £*;**fci«BI£ST 
fiSttl 1 1 2©-«iWR98faM'U S2»&ll2^<k 

tfsg 3 g&gti 1 1** o Hfo^tL n >f ;m*»# 7 o ©- 
W«4nt^*. =k;WK»#7 0HU li@M-P2 
taEWtPl©IBTAy* ^t7^BG«l:3ir/ 
*. 3-f>WW#7 0O-«tt, «W7 3-CU-H»7 

•«7 4kl»«Sn4. U-F»7 2;6«fctf7 4*4H/T 

3-f^«»»7 0K:fli#««^a&n^ :k;mr* 

*7 0tt, ISSfrP 2 t*«HrP 1 fcBWEfcSWW*. 
^n#, ABSO!)«S**«l«t««I*B**«l«"*" 



£z>zmmo)mm&^znz>o -r *> • e-A • s u > 

rt««fl<0«*. 01 6lCaVt. WlJOX^f (Barfr"f) 
fck 9— >x-^JH 3 0±JCg^n, -SlsMSSTH 
&2tt£. 10tftBt*0-f*>- £-A 

i 3 2£cktfi 3 4^> aawxttucisiw^n*. ;m*> 
tf-Att* 7)V3> • -f *>T*sc:t^# 

*U>. -*««aWH*> ■ tf-Al 3 2tt. 
SiTFl»l#-e*9, -*«J6«C0-f*> * h-Al 3 4 

^tt, ^fi*^»sft«to*ifijtf^nfch # --Ak:^:o 

[0 0 3 5] MRS^>yH4 6©MRl^0^7H5 

S^ty^IGK MRS*. JW-V^Jl 
G2*J:tfJB2 5^-;H 4 JIS2*, i^7^h'JV^7 

5(C* SMc9^F(D»2->-;l>FJiS2tt, ABS* 

*©16** ^2y-^HlS2^ ABS 

.fcSKfcS. »&*'\yF5 2©JB«firPl*l. C<Z>» 
2->-^K)iS2*«j«-r*. Z<D®&WZl:?T. M 

[0 0 3 6] 2 200»»*^ft 

^> 0 Jglfc SffiM*P2CDi8ffi^«lii^ &®>¥P1<0 
BWBOIJBki^TX^^*^ • t-A • s u >^-r 

[0 0 3 7] *%W(Dm 5 fccfctf @ 6 ©*M«**j«r 
Sfc*«C-f • b'-A^^J^^/t^^^^^^ft^JS 
{«J^> 01 7ftV^b02 3^C^T. £<D#gffln\&* M 
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*B«Ttt. B&BSSPT2b^t£fcl£B&«£X 
PT2bM«SHPT2a^ 

[0 0 3 81 017,01 8fc<ktf01 9tC. !SfiS«» 

• fcf-AO&ffifc^'f. B17KW;, ^^->- 

2z> 0 mmm^mpT2\t. »iM8 8^»82 

«S9 0t*Jc«;jE$n*^ MB««gft&PT2£JB 
j£T*fctf<&«yitt, «T»«BlcRWr*. 01 7T 
fcL -Y*>-fc:-A#> BBI88*PT2©«»:» 

11, HT»nBC«B*P T 2 0fg 2 «fi 9 0 JfttlCffi] 

1 3 0»Cct^«»X*©@eofcJ&fc:. HBfittSSP 

6o ^r^yjiG^ P l/S2JI®±£*HX£n, 31 

SP*. *«0OiO*«yhSftfc»R OB) 5U> 

y$n*R*©«BK:int«-rs, 01 7ic«an«j: 

.51c, f-A*MB««B*PT2<Z)«at»LT3 0 

£*>3lfrf3 0 3 0° 4W£U*METft**<. £©A 
BEtt, 2ft*^afi«f!(0»#lCtt2 0 0 j5^40' ©SSffl 
mctm*. ii7f:H *yh»f^OB8»^ 

**tu Hi8icttv *^h»ff<o«»e*^snT 

lr>*. h»ffr0R8K\ JBB««B»PT2tt. 

B 2 HBS 2 l;^rX^Jl/«i PTlb^ 

5lC, 3 0° tf-A®8«C7 5° -f*>- fcf- 

A*flHr>T. 3 0° Bff^&B3nfcWt«*lft£T 
£. S*«(©l»£^tt7 5° < *> • t-A*W£U^ 
*t. dttfct HB«BB*PT2©Bfifc*fl/r6 5 d 

ztitzfemmz (Hi7#i) mmzztiT^zzt 

£B«£nfclr>. B<^#16*fcL ^05'J>« 
IC, ^fX^MiaiPTlbOWi^ IMBBfllS 

* p t 2 ©mi ttti^sntir^ c ttfts. 

X^MgSIPTlbil *2S/-;PHHS2fc:«F^ 
7 8&<fctf 7 9T«9^«Rtfd^&lCJ:oTBdtdn 
fc. ^f^lGIt 3 0° ^7 5° ©tf-AlCfc 



[0 0 3 9] 0 2O*5i;tf0 2 lft, 3 0° t*-A<h7 
A£R(r*T. 017, HI 8*5«fc^Hl 9<0^B«{c« 

[0 0 4 0] H2 2*cfctfH2 3H ^fX^MSS 
1PT 1 b £HJrr*&»<D;& y h t»*©S*(c»- 
©<*> • t*-A£&ffiT£. -f *> • fcf-A -5 U > 
ycD*B«**rB-C**. *»CR9JU&2ftKt:-A 

-A*B^TBJBftB»*BSCi:3ft«T?€rS. 

«T^$6ffi<hLT4 5° ^66 5° mitSCt^ 

[004 1] H2 4&HLB2 8&L *56W<3!)B5 43«t 
0 6 ©^«<DBff*il***rtr*B©j6J!ni(0»Jffl 
^iti^^, 0 2 4Tte> 7*h\si?Xh - yu- 
A*H»bT» HifrP2WOE8g«g*PT2S 
»o*LtM. £(0«&t>£»fls|;:<fc-3T, 7U-A<7) 

fl«*>*£>o€f$*u cn^p 2 7-r-;uHt#*r*. 0 

0, W«»cP2 7-r-;PH*WrsMB«Bil*PT2 
*a*nT^S. H2 5tll *tyyiG^Pl/S 
21(0±{:i«$n, BIBfiBB»PT2rti**y:/B 

<d%&. mmmm^mPT2\t. *&mt>-> tcb<Dth 

TSB#|bJ<0S1«B8 8M^2I190^t-5 
tti-Ci/S^tlS. B2 6TI1 P2 7^-J^j5«S0 
BjMU M««BB*PT2£Bttrf*Hn3:£tt«l 
4 0Mt§7^h^Xh-7X^^ M®H-P2<7) 
iCI^ntl^. C©l/^XhSlt 02 7(C<k9*PJ 

hS**LT 1 ^*fttt«aW*> • t*-A£[S] 
W\ 02 8iC^^tl^J:^fC, P 1/S 2jf 
JWt7#;««I1PT 1 b£t>fc£To 
[0 0 4 2] I2 9^L03 3H *«W©0 7^ 
0 8 ttBBflattfiBBB ft ft** fc«&<D»lX f7^ 

^tatfcs. ^n^coxT-^y«, 03oic^$n 

^J:^fC2 0©a@SS^PT2 a^3WPT2 b€r^ 
fc6Tfc«lcnSH a P2«t2BfiB^T««sn«A« 
^V>T, 02 4&HLB2 8JcBLTHWbfcXT-yy 
t^-T^^<, -f*>- t*-A- 5U>y©»JC, 0 3 
3JC^$nScfc^^ ^fX^«iPTlb« 
fiK^n, BBBBBBIC. m®$&mmPT2a&£ZfP 
T2bmn§. i-CB^fciit, BBBBBPT 
2bH BS«g*PT2 atRteZttntTZZttf 
T^r^o 0 3 4 li, < t|-> • e-A • ^ U >^©ml(cm 

2 kb s 2 <D±\zm&m*mfrnz>&G<Dmm<D 
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1PT1 b*3«fctfPTl ctf<££tlZ>\Z?-C$>%o 

^^bssiptich ^fx^jnaa 

*PT2bfc±tf^x;**JMMB8BPTi c«u Sfl: 
^2^t*C[)iS^ffl : e-/>b^^ (4 7cm s ) 

h<D*mi:T*£i#TS*. Kfiln«8t;fltr>*£* 

[0 0 4 3] £©MR«£^Ft8m^*#ttfctt* 
82yHPHiS2*, ABStOXD-h • l/"W0 

ra©aa»ffl»t. oxd-f • i/^wi/xy* 

'Sy HCD»2^-;^HHS 2t#fi*t 57fy^ (B5 
*5<l:tfB 6 ABS^f»0XO-h-^M 

t$2y-^His 2®±ic**y:/BG**arr*x 

T7^ (B5fccfctfB6#J!B) ***:/BGeD±K: 

m»a«ii*p t 2 t^-r^saH-'p 2 t»***&* 

IC, **y7BG£S2y-;VFBS 2©±fc«ttBt 
*«t4Xfy^ (B2 4££tf02 5#B> fc> 4>fe 
<£*>1:3<ZH*> • t:-££> K«a*IK*PT2a) 
WICr«W7 8*±t;7 9 ICS 2Bfcffl*tW**&» 
©VX*£bTBMBBR*PT2tttfflb-C K&a 
MS*PT2(0|gl«a8 8^ctl^»2«fi9 0lC#b 

T**ftsrcAB s K:^R»»cTffftiRi#'e«2 ->-;v 
«*w<5 f ^^iv**rr*»2->-;p-HBS2*au 

^xX^;W^x^^;WBSaJBPTl bT»0, 
X*;V»BS8BPT1 btBK* ABSt 0XO- h • 
U^©W©»2S/-^FBS2^«««iS*PTl a 
(SI 7fct>bBl 9 IMS) . ^xX^BaW 

ipti b<&s§i«B8 o&&zmmm^mpT2<D 

it 1 flff 8 8 tfft 1 gfiffl 1 0 0 rtTtil^StU * 
rX^iHaaiPTl b©£2«S8 2 43<fctf]S&a 
^g^PT2CD^2<ig9 0#SR2MSIB1 0 2fttfi 
«£-fr£n, JBlBiMGl 0 0tm2^it®l 0 2#M 

3l>fc«HSn* (B6#J») fsmic^b^i- 

SHt>-f-All 0° <0<6O* CD® 

mnofc&etv. »2-<*>- 60* ^0 

^8 5' <D«Hrt<0ft£0£T£££#T€r5. **v 
yBG&*WT-5Xxy^K:tt, 0. ltfm»60. 7 
um*T<DttH©fiSg*H£TSffS£WU ABS 



3. 0g^TO«5im> *t^^i^t^7T7 

7t^«>*;:<b#T#s. *&<tt>ioMt>'f 

\ZfrZ>£o\Z$m7 8*><£tf7 9T*2y-^HHS 2 
^ntioT* »0. 7 /im£)ft££*fT 
S^fX^WWPTl btRtt**xy:/t«&ifr 
ZZLbUPVt*. 4>fc< tfclt>©-f *> • tf— At|6) 
tt^Xx^ytC, imaB£XPT2®BB2t»2ji 

[0 0 4 4] t9»<0»JiSJf!t>*i. MRS^7K 
flf^MR^XO^y F©»2 5/-JVFBS 2K18b 

f£zz.ti)mmzw£>fr\zfrz>. c<Dmm<D&\&&w& 

[0 0 4 5] M6»*^. S*#T*ntf. *f£91<D#l© 
lljBW^ck^iE^B^JcSV^S^^T*^^. bfc 

[0 0 4 6] &t®tLT. #58W<D«tffc:B8bTSrF 
[0 04 7] (1) &SfrPl£M«frP2£**rrS 

Ft<&** aaie&gtf-p i jwsbbjssirp 

Tl atK«a*S*PTl b£t«U ftl^]SS>irP 
2#«a*3^PT2tW?"S££t»«£U ?ftffi& 
a)ir£^!>»BBiH!SPTl a£t-&tf»2v-JPFB 
S 2 £*rr*MRtt»D'Vy Ft^^K MIBISflSaMII 
*PTlbft *2>'-*KBS2fcBbT*5 ff X*^ 
t«jST£Cit»«£U «ftEE«a*B*PTl b 

j: sME«aas* p t 2 ©^n^n#> as 1 * £tf 

»2<D«Bt«u fftffilM&S^g^PT 1 b*5<fctfP 

t 2 o*ft j eti<bf& i «b#* ^iibT^i^m®rtJc 
*o, «iEiH«aaB*PT i b^<t^fl9E«affln* 

PT 2 ©*n^n©» 2 #»bT£2Sfiffirt 
tWCt*»«tU »E»l*<fctf»2©£iinB 
j&t, X7^7U>^1 (ABS) iCfc^T* 
*, p . h^^^a4*rre«wfcHt5VifcBIBbTB^ 

n4tt*i»«fc«, mr8dm f. 

^lCl8bT^«H«(CMRlS^'\^ F*$»-r*fc» 

J9^Rt*-&^ ±E (1) fcEB^MRa^y Ft 

(3) 89EB2v-;VFBS2^ 83EK«a«S*P 
T 1 a ICjUAT. HE!ffltaiBS*PTlbtdttC4: 
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(4) ffleuBfifis&PT i b^<ktfgireffia«fix 
PT2«i:i^nwt7yiGm, w&wi 
bg*«. *i*«fctf»2 0)«a**ru HE**y7ii 

GflOJUlM^ MES&l Start KHa*u 

t*4mtr** ±b (i) cBttDMRate'syF. 

(5) nEBC«nKPT2«tiiL-jiTft«c&«mR 
tr*, ±§2 (i) iciae^MR^'N^Ho 

(6) ME«««l!l*PT2^«ff«il*PT2a^<fc 
tfPT2b*£», «9B««»S*PT2 aMtfPT 

±12 (1) ICB«<0MRS^-/H. 

(7) WEMRRSO^K^ H»EIB2v->H^)iS 
2KJ0AT*1 v-^KlS 1 <fc* ^ly-^HIS 
1 t*E»2 ->-^ KBS 2 t<D®lZ&2-tlfzm 1** 

%-fBGit mb$ 2^7^102 1 <nm\z» *nfc 

MR*^<fc£^&££&»«£-fS. ±12 (1) tciB® 

(8) MfE«l£i&S^ffiB%2^ii[iB^<OM«>EK^ 

5Mm**T**^t€»fRt-r^ ±e (i) \am 

(9) H^ffBABSTO^V^yG^^^g-xf^o. ml 

BABs-e©»Eiaa®as*PT i b©i^^ o. 

±B (1) CE«OMR«^yH. 

(10) ME*2 3'-*KBS2flf, mBfittfi«S« 
PT 1 alCjPAT»ElH«a0BR*PTl b^tr^t 

±12 (9) JcE^MRtt^y H. 

(id ;\yi/>9ts A-^y>^{:iowe>n 

^X*fcBLT«IIB«fcMRlfi£'\y 

3a»¥Rfc**0. ±E (10) fcEIOMRl^y 
K££ifB^rx*iK»iSnto 

(12) BSI2S^ffiS8S^PT 1 b££tfffiE&S*Sfi 

*PT2<om«cia^nfc*^^yHG*'&^ 

7HG^ m&£OV20MK«rU HE**?:/ 
■GttftlflBtf. ME^lSitBAklB^n. h&§2* 
*v.7HG4>jB2Mbft<, MB»2SitiBrt»cB^ti 
±12 (10) KEKCDMRfc^y K. 

(13) MEMRWKD'wKtt l9EIB2v--;UKJI 
S 2 lemurs lx-;i/HliS It, KSlv-^KB 
S 1 £89E!B2 K1S 2 £<DIHK!fc3:nfc8i 1 * 

* v7mGi$>&zfm2**y7mG2t* mz®i* 

TzMRm^tZ^tSZtZftWltTZ. ±12 (1 2) K 

(14) i9E**y:/G©fi;*g#, 0. 



0. 7 um£T<D«ffll*Ifc:*»2- iffit2ABST<7)B@$g 

-5, ±E (1 3) \zmWXDMRm&<\y K. 

(15) MBBS*BXPT2ftt. 

«F«tr«* ±12 (14) CEKWMRli^yK. 

(16) ttEBfifl£XPT2*<. Bi«i*PT2a 
t5cttfPT2bm, «IEai»S*PT2a*J;tf 

±12 (14) KEWOMR»&'\. : , h'o 

d7) igfiM-p i<hjiffin-P2<h^wr^s^'\v 

K£^k MEftffM-Pl^ JKB«»S*PT1 a£ 
* EBW8B*PT1 btSSU 93i2MffiJtP2^ B 
««H*PT2**U NEKBWISXPTlaAt. 
H9EK«ffi«5»PT 1 b<0«<fcOfcj£frMB£*rr*£ 
<h£#®£U ttE&ttCtt»RPTl a£5trttEJ£ 

mftz-stsm 2 is-ju kis2 t#-r*M rk*o 

K£<&** WEK««aB*PT 1 b#. MESB2'>- 
^ KJf S 2 (CP IT^fX^ & Z £ Z&Wit U 

NEimsKPTibK mmmm. gim. « 
2«i* ( ttfi(ii$wu 1 ms*(. x7-^7»j>yas 

(ABS) U JS»«ffiA^ BftS, Slfil 

1^^2W:J:oTS^C<}:^I < hU ml 

e««»s*pt2)&^ nmijE« jekrbu mm* n 

l«S*$«fctf»2««£*fU ABS<Z)-g&£ 

&i}&2mmz^TW*t\z>z\t*&mt\s, %imm 
mmt&mm p t i b © ji^m®^ mbbsjcbx p t 2 

S*U *B3W»EABSO-»*»*L, JS*8tffi*5 

XTf&nmmim** mimm^xm2tmiz^x 

lb, «E4=YyyjiG*«fclXI»E«««»*PT2a) 

*n-ftw)iBi«M«, *i*afflrtTa«LT*D. 

I9EM««»S*PT 1 b, i/lfi*w7MG&*zm 
EBfi*!aiPT2©-tti-€ r n©S2«S^ ^2^fi 

«fctf«rB*2Si[ffi(o-€-n-€ r n^ «eabsi:si>t 

SiTC»0, ittJf2ABSco{£©T. MB»ii*'Ny 

ftttSMRjl^y K. 

(18) i»i2&B®$g?S§PTl a^J:tfMBSBC« 

s*pti bo-tn^na*. »j^©BttiT^o, gsi2 

Bfi«B« PT2j&t, IIBS^^^ P T 2 a ^/SBffi^ 
S*PT2b(!:m, ^l2HBS^g^PTl b&<k 

ummmm^m p t 2 b o«»3&«, sa^Ba^g 

iPTla iJcfc B3f2MB&*8l!5St P T 2 a ©W^i: 0 

38tv^-^>Ko«»««rrsc:tft»«tr*, ±12 

(17) lCE«0>MRig£'Vy Ho 

(19) B9EABST©*V!y^G<DfiS^gT?*0, 
MEABSTONEinBCNiBXPTl b©fi$*t, ^ 
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H»»w2. OgT**;ifc£*S«£TS, ±12 (1 7) 
lCB«<*>MR££'Vy H. 

(20) mtt^yJGV&Zgtf. 0. 1 umA^ 
0. 7 um*T0J8Brt£*S£fcft»SfcT£K ±12 

(19) CB8©MRa§Ay K. 

(2 1) »ES§2v-;WHBS2#, taEJ&&ffiSgg5$t 
PT 1 atCjDAT. HSEM^®«gg^PT 1 b*S»;i 
ift&aiT^ ±E (2 0) i:«BtOMR*^y 
H. 

(2 2) MEMRKIRO's^H^ «BBIB2$/-JH«li 
S 2 ICJD ATSfl 1 HI S 1 1 , K$ 1 HI 

s i iiftEffs 2 Hi s 2 iowt**nfcS i * 

^^^HGl tMIBIB2*^!yyiG2t©Pp1t«E*n 
fcMR*HPfcft^£fc*1M»£"r** ±B (2 1) £ 

* (2 3) r\W>ift~ A^y>^«DHtt^n 

^ ^\zmhx^mmmzuRm^y Hft3arr*fc 

$8*aift*tK ±E (2 2) fcE«<0MR«^y 

h z^tsmn.y' * x * ^kjs^o 

(2 4) NESn»RPT2aMMnni*PT2a« 
cttfPT2bm. WE«S»il*PT2a*J:tfP 

±B (2 2) CietOMRl^^F. 

(25) ««as*PTi b43 c t(^PT2cD^n j en^ 

*l«S£*2««£ft#T** «I*PTla, 
PTlbM^PT2t, NEHHHSPTla^ 
tr* 2 v-;V H M S 2 ft^tt M R R% D ^ y H t ft* 
tdEmg^S^PTl *&E*2->-;H*HS 

2ici8bT^xx^7f*sctft»«tb. we^s 

^SS^PTl b^J:«PT2©*n-€ ? n©*l«fi*^ 

^l^MrttcfiM^^n, eisiMiPTi b v 
*«ttfPT2©fn*n©jB2«i^ »2^fiffirtic 

ttB**sn6^tft»«tt. i»ESl*«J:tfSB2<Z> 
SBffl^ AB ST. MRll&VyH0h7y^BM 

jw $ffi»w^^s^tc»HUTS^n^::tft^at 

t*MR*^7 Ho 
(2 6) ffiES2 5/-;VFJ!S2ai, MEaffi^S^P 
TlalcMT, MB«ff«5*PTl b**2K WE 

«i^pt2^> »HiT»*££ft»»£"r** 

±E (2 5) CBtCMRtftMF. 

(2 7) WEABS"e©*-Vy^GOfi$^gT»t), 
8*ty^GOfi$g^ 0. lj£md*5 0. 7//m£ 
TOffiHftfcfcD* S5EABST(0gtiEmS^S^PT 
1 bOfiSW, 0. 5g^&3. 0 g£Ttf)ffifflW;:& 
a£fc*tt«fcT*. ±E (2 6) CBtOMR*^ 



(28) X7-^7'J>^ffi (ABS) tOXD-H- 
U^^tO)KHcKtf**]l^©»a«»»ftWL, ffiE 

^yft*tTJSS)tPl fc, MRA!yH(!D82y-^HH 

s 2 t«»a-rsfc«e>*a< £ *> 1 -3<o®&m**mt 

%7>Ty7t. ffiBABS£ffi!B0Xn-h • WOVt 

vrntzmrf* ai*j:tfiB2a)SB«aft*rsii)£s 
nfc«sss*PT 2 fc*fc»rtan-BH«w-p 2 ft, 

MB'tyj? ' =¥^yyt*»TJ>EABS^&«E/ty 
>? - =¥v?73n?, itUE&Stf-P 1 (D±K:»i«T*fc«> 

UcHLT^xX^;P-e»0, fflE«fiMS*PT2<B 
ttBIS 1 2 <0^fi«filC»bT^n-€ r nffi«'& 

^£ft£S£ 1 £ 2 <D£iBfmft4r?*BSSBX 
PTlbt, Ei^giPTl ail;, &®JtPl£^ 
j*TSfc«>* ME««»S*PT-2(&£«ffi±TffiEJ£ 
«tPlft£filcfflD*<fc«K BJfcSftfcfflBttK* 
g*PT2m^tLTttffllT, ®££ttfcfflB« 
®^g^PT2O«KMLTftg0T, WE&ffittP 

-Aftisjwaxx^tft^ir, x7-^7U>^ffi 
(ABS) lc«J:oT8R»»k:H*nsiBa^cfctfi£aft 
^1-^MRS^^/ FftSBfrTfclfrft. 

(2 9) mb^sm-p 1 <D*mfe<Dm&tsm\z'ptz< 

SIifrP2©±l:7tF^h • ^X££*£«-f£ 

xf7^t> »e$nfciWB««Bii*PT2^ we 
j£«frp 1 ©*H^<o«ttsaa»fc{Wi< 1 1> 1 oo-r 

<Cfc#T«J:3K:, a*Stifc«>EM«lWP^ 
2 t-t©ft«ffl±©K«ftK'ta"rSBBDftWE7* HU 
vXh • vx*rtKRtf-*Xxy:/£ft^tr, ±E (2 
8) KEfcO^SU 

(3 0) KEfe'5 loo«ttHft*SI'rsXxry7 r O«r 

MEisafrp i©*a^o«««a»ft*A-r* 

fcaMJB4>fc< it> 1 :}<flmtt!tf>±lc*-v y^lIGft 
*«t5Xfy^^ SttB^tt^fcloGH^ 
• b-AftfattSXxy^ WEl£®)tPl<7)*iS£ 
©««M»»lC>f*>- lf-Aft|p|tfSWfc, 
jfGK-f • lf-A*l«*SXxy 
ait, WE / >^<it>10(D-r^> • tf-A£fttt5 
Xr^^ i>E**v:/lGfc«»BI*PTl b* 

<tr/p t 2 osg 1 *«fctx» 2 ©sfiast^n-tnttB 
*^ans» 1 31 2 <&£B«sft«tt* 

a<bT-5±E (2 8) lcE«<0*tt. 

(31) we*>5 1 oowtBtwrrsxf y ^on 

fc»l»B*ft< it> l o©«ttJBO±lc=¥^ y yjBGft 
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a^u mmABST'<Dmm®*&mPT i b<D&z 

tfi* SSKWIC2. 0 BT&Z>Zt*ft®Lt?Z>±U (2 
8) ICE«©#S. 

(3 2) B9IS^<<h : bl-p(0-f^>- t*-A$:|p]tt6 

tt*£fc*>sfc*;i££»a£-rs. ±e (2 8) ice 
«©#*. 

(3 3) BtfE^<<ht>10<ZM*>- fcf-A£fa#5 
Xf7^, Sl*S<fctf* 2 ©-<*>• t*-A£fS]tt6 

^ry^m. aw e-A#, o* <^<6 

0° ©$fiHrt©£jg0T&D, ^2-f:*>- e-Aa*. 
6 0' <K85" O)j6Hrt©ftK0T*SCi:*«p» 
£T<5, JLE (2 8) (CE*©#i£o 
(3 4) MBif§l-f*> * f-A^. 20V<fl<40 

; a>tBiBrtoftRa7?*sci:€i*«t*r*, ±e (3 

£E*©#tt. 

(3 5) 89KSBW*>- t-A**, £»ttlC3 0 - (0 
ft«0"C*D. UE»2<*>-H-A^ 30IWC7 

5° ©ftKdTASdt^a^-rs. ±12 (3 4) IC 
E«©#fe 

(3 6) UB^ft:<tt>lt>©-f*>- h*-A£|Sjtt£ 

xf7^ B««iPT2©S3£«*j>3ia\ mtbb 

i«B*PT 2 **«tSXfy ^ ffifi^fcXtt) 

i^-f^>- t'-A&isi^sxxy^cfcorsifrfi 
csftsttBB&ttss p t 2 off satt^Tftsain 

JP2 &Tf *Bff*M P T 2 «T§Xf7 7£^tf 

ctswatrs* ±e (2 8) kb*©**. 
(37) H9ie / >^<ife i^©-r*> • t*-A£fttt5 

P2jf©_tT^fltfJlC0XD-K • W<ft>£rty9 - * 
r^^^MKL^x^^mwr^Xxu/^Sr^tr. ±E 
(3 6) lCESc©#ffi- 

(3 8) MB4>fc< 1 ^©-r*> • fc*-A£flW-S 
■■rtT**££&tt«£TS, ±IS (3 7) lcE«© 

(39) MB*fc<£fcio©< *y - t:-A£Att£ 

Xfy^m. *W*>- fcT-A* 1 . 20' <0< 
40° ©$&Brt©£g0T&D> fg2-f t*-A 
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(57)Abstract: 

PURPOSE: To vertically align the side wall of a magnetic 
pole terminal layer with the side wall of an top magnetic 
pole terminal element by providing a magnetic pole 

terminal vertically aligned for minimizing side writing. ^ 
CONSTITUTION: A write head 52 is provided with a p| 
magnetic pole terminal area placed between an air vJ ffidk j(T ' 

bearing surface ABS and a '0' throat level and a yoke 
area or a back area which is extended backward from 

the '0' throat level to a back gap and includes the back _____ 

gap. Then, the head 52 is provided with a bottom pole '^j jfe >; : 

element P1 and a top pole element P2, and the bottom ^ v ' * *•* n 

pole element P1 consists of a 2nd shield layer S2 of an I ? " ^ ^gB ^ " ^ 

MR read head 50. The bottom pole element P1 and top „ 'fW 

pole element P2 respectively have back layer parts "™WF m 

placed in the back area and the back layer parts of the 

pole elements are magnetically coupled at the back gap 

BG. The bottom pole element P1 is provided with 

magnetic pole terminal structure placed in a magnetic 

pole terminal area between the ABS and the '0* throat 

level. The MR compound head vertically aligning the side wall of a magnetic pole terminal layer 
PT1b with the side wall of a top magnetic pole terminal element PT2 can be provided. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Said bottom pole piece P1 has bottom pole tip element PT1a and top pole tip element 
PT1b including the write head which has the bottom pole piece P1 and the apical pole piece P2. 
It is characterized by said apical pole piece P2 having the pole tip element PT 2, and MR read 
head which has the 2nd shielding layer S2 containing said bottom pole piece and its pole tip 
element PT1a is included. Said top pole tip element PT1b is characterized by forming a pedestal 
about the 2nd shielding layer S2. Said top pole tip element PT1b and said pole tip element PT 2, 
respectively It has the 1st and 2nd side attachment walls. Said top pole tip element PT1b and 
each 1st side attachment wall of PT2 It is in the 1st vertical plane in common. Each 2nd side 
attachment wall of said top pole tip element PT1b and said pole tip element PT 2 MR combined 
head to which it is characterized by being in the 2nd vertical plane in common, and said 1 st and 
2nd vertical planes are characterized by isolating mutually only the distance w showing the write 
head width of recording track, and placing it in an air bearing side (ABS). 
[Claim 2] The magnetic-disk driving gear containing MR combined head according to claim 1 
including the support means which contains the slider for supporting MR combined head in a 
conversion relation about a magnetic disk when rotating with housing, the means for rotating a 
magnetic disk attached in housing, and a means for a magnetic disk to rotate and which was 
attached in housing. 

[Claim 3] MR combined head according to claim 1 to which said 2nd shielding layer S2 is 
characterized by including said top pole tip element PT1 b in addition to said bottom pole tip 
element PT1a. 

[Claim 4] MR combined head according to claim 1 characterized by for this gap layer G having 
the 1st and 2nd side attachment walls, placing the 1st side attachment wall of said gap layer G 
into said 1st vertical plane including the gap layer G placed between said top pole tip element 
PT1b and said pole tip element PT 2, and placing the 2nd side attachment wall of said gap layer 
G into said 2nd vertical plane. 

[Claim 5] MR combined head according to claim 1 characterized by said pole tip element PT 2 
being a monolayer. 

[Claim 6] MR combined head according to claim 1 to which said pole tip element PT 2 is 
characterized by being the separate layer of said pole tip element PT2a and PT2b including pole 
tip element PT2a and PT2b, respectively. 

[Claim 7] Said MR read head adds to said 2nd shielding layer S2. The 1st shielding layer S1, MR 
combined head according to claim 1 characterized by including MR component pinched between 
the 1st gap layer G1 and the 2nd gap layer G2 which were pinched between this 1st shielding 
layer S1 and said 2nd shielding layer S2, and said 1st gap layer G1 and said 2nd gap layer G2. 
[Claim 8] MR combined head according to claim 1 characterized by the distance between said 
1st vertical plane and said 2nd vertical plane being less than 5 micrometers. 
[Claim 9] MR combined head according to claim 1 to which the die length of the gap G in said 
ABS is g, and the die length of said top pole tip element PT1b in said ABS is characterized by 
being in within the limits from 0.5g to 3.0g. 

[Claim 10] MR combined head according to claim 9 to which said 2nd shielding layer S2 is 
characterized by including said top pole tip element PT1b in addition to said bottom pole tip 
element PT1a. 
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[Claim 11] The magnetic-disk driving gear containing MR combined head according to claim 10 
including the support means which contains the slider for supporting MR combined head in a 
conversion relation about a magnetic disk when rotating with housing, the means for rotating a 
magnetic disk attached in housing, and a means for a magnetic disk to rotate and which was 
attached in housing. 

[Claim 12] MR combined head according to claim 10 by which this gap layer G has the 1st and 
2nd side attachment walls, the 1st side attachment wall of said gap layer G is placed into said 
1st vertical plane including the gap layer G placed between said top pole tip element PT1b and 
said pole tip element PT 2, and the 2nd side attachment wall of said gap layer G is placed into 
said 2nd vertical plane. 

[Claim 13] Said MR read head adds to said 2nd shielding layer S2. The 1st shielding layer S1, MR 
combined head according to claim 12 characterized by including MR component pinched between 
the 1st gap layer G1 and the 2nd gap layer G2 which were pinched between this 1st shielding 
layer S1 and said 2nd shielding layer S2, and said 1st gap layer G1 and said 2nd gap layer G2. 
[Claim 14] MR combined head according to claim 13 to which die-length g of said gap G is in 
within the limits from 0.1 micrometers to 0.7 micrometers, and the die length of the pole tip 
element in said ABS is characterized by being 2.0g substantially. 

[Claim 15] MR combined head according to claim 14 characterized by said pole tip element PT 2 
being a monolayer. 

[Claim 16] MR combined head according to claim 14 to which said pole tip element PT 2 is 
characterized by being the separate layer of said pole tip element PT2a and PT2b including pole 
tip element PT2a and PT2b, respectively. 

[Claim 17] The write head which has the bottom pole piece P1 and the apical pole piece P2 is 
included. Said bottom pole piece P1 It has bottom pole tip element PT1a and top pole tip 
element PT1b. Said apical pole piece P2 It is characterized by having the pole tip element PT 2 
and said bottom pole tip element PT1a having width of face larger than the width of face of said 
top pole tip element PT1b. MR read head which has the 2nd shielding layer S2 containing said 
bottom pole piece containing said bottom pole tip element PT1a is included. Said top pole tip 
element PT1b is characterized by being a pedestal about said 2nd shielding layer S2. Said top 
pole tip element PT1b has a top thin film side, the 1st side attachment wall, the 2nd side 
attachment wall, and a front wall. A front wall forms a part of air bearing side (ABS). A top thin 
film side It is characterized by being surrounded with a front wall, the 1 st side attachment wall, 
and the 2nd side attachment wall. Said pole tip element PT 2 It has a top thin film side, a bottom 
thin film side, a front wall, the 1st side attachment wall, and the 2nd side attachment wall. A 
front wall A part of ABS is formed and a top thin film side and a bottom thin film side are 
characterized by being surrounded with a front wall, the 1st side attachment wall, and the 2nd 
side attachment wall. Be caught between the top thin film side of said top pole tip element PT1b, 
and the bottom thin film side of said pole tip element PT 2. Have a top thin film side, a bottom 
thin film side, and a front wall, and a front wall forms said a part of ABS. A top thin film side and 
a bottom thin film side are surrounded with a front wall, the 1 st side attachment wall, and the 
2nd side attachment wall. The gap layer G is included. Each 1st side attachment wall of said top 
pole tip element PT1b, said gap layer G, and said pole tip element PT 2 It is continuing in the 1st 
vertical plane. Each 2nd side attachment wall of said top pole tip element PT1b, said gap layer G, 
and said pole tip element PT 2 MR combined head which is characterized by continuing in the 
2nd vertical plane, and is characterized by only the distance w of said 1st vertical plane and said 
2nd vertical plane which it is vertical and is the width of recording track of said write head in the 
location of said ABS being mutually separated to said ABS, respectively. 

[Claim 18] Said bottom pole tip element PT1a and said top pole tip element PT1b, respectively 
Are a separate magnetic layer and said pole tip element PT 2 contains top pole tip element PT2a 
and bottom pole tip element PT2b. MR combined head according to claim 17 to which the 
ingredient of said top pole tip element PT1b and said bottom pole tip element PT2b is 
characterized by having the saturation of the moment higher than the ingredient of said bottom 
pole tip element PT1a and said top pole tip element PT2a. 

[Claim 19] MR combined head according to claim 17 characterized by for the die length of the 
gap G in said ABS being g, and the die length of said top pole tip element PT1b in said ABS 
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being 2.0g substantially. 

[Claim 20] MR combined head according to claim 19 to which die-length g of said gap G is 
characterized by being in within the limits from 0.1 micrometers to 0.7 micrometers. 
[Claim 21] MR combined head according to claim 20 to which said 2nd shielding layer S2 is 
characterized by including said top pole tip element PT1b in addition to said bottom pole tip 
element PT1a. 

[Claim 22] Said MR read head adds to said 2nd shielding layer S2. The 1st shielding layer S1, MR 
combined head according to claim 21 characterized by including MR component pinched between 
the 1st gap layer G1 and the 2nd gap layer G2 which were pinched between this 1st shielding 
layer S1 and said 2nd shielding layer S2, and said 1st gap layer G1 and said 2nd gap layer G2. 
[Claim 23] The magnetic-disk driving gear containing MR combined head according to claim 22 
including the support means which contains the slider for supporting MR combined head in a 
conversion relation about a magnetic disk when rotating with housing, the means for rotating a 
magnetic disk attached in housing, and a means for a magnetic disk to rotate and which was 
attached in housing. 

[Claim 24] MR combined head according to claim 22 to which said pole tip element PT 2 is 
characterized by being the separate layer of said pole tip element PT2a and PT2b including pole 
tip element PT2a and PT2b, respectively. 

[Claim 25] Pole tip element PT1a in which pole tip element PT1b and each of PT2 have the 1st 
side attachment wall and the 2nd side attachment wall, PT1b, and PT2, MR read head containing 
the 2nd shielding layer S2 containing said pole tip element PT1a is included. Said pole tip 
e | emen t PT1b is characterized by being a pedestal about said 2nd shielding layer S2. Said pole 
tip element PT1b and each 1st side attachment wall of PT2 are aligned in the 1st vertical plane. 
Said pole tip element PT1b and each 2nd side attachment wall of PT2 are characterized by 
aligning in the 2nd vertical plane. Said 1st and 2nd vertical planes by ABS MR combined head 
characterized by isolating mutually only the distance w which demarcates the width of recording 
track of MR combined head, and placing it 

[Claim 26] said 2nd shielding layer S2 — said pole tip element PT1a — in addition, MR combined 
head according to claim 25 characterized by said pole tip element PT 2 being a monolayer 
including said pole tip element PT1b. 

[Claim 27] MR combined head according to claim 26 characterized by for the die length of the 
gap G in said ABS being g, for die-length g of this gap G being in within the limits from 0.1 
micrometers to 0.7 micrometers, and the die length of said pole tip element PT1b in said ABS 
being in within the limits from 0.5g to 3.0g. 

[Claim 28] The bottom pole piece P1 which has the pole tip part which is not demarcated 
[ which is prolonged between an air bearing side (ABS) and 0 throat level ], is prolonged from 
said ABS to a back gap, and contains this back gap, The step which deposits at least one 
magnetic layer in order to form the 2nd shielding layer S2 of an MR head, The apical pole piece 
P2 formed with the demarcated pole tip element PT 2 which is prolonged between said ABS and 
said 0 throat level, and has the 1st and 2nd vertical side attachment walls Said back gap is 
included. From said ABS to said back gap The step which deposits another magnetic layer in 
order to form on said bottom pole piece P1, Pole tip element PT1b which has the 1st and 2nd 
vertical side attachment walls which are a pedestal and are aligned to said 1st [ the ] of said 
pole tip element PT 2, and the 2nd vertical side attachment wall about said bottom pole piece 
P1, respectively, Since said bottom pole piece P1 is vertically cut on each side face of said pole 
tip element PT 2 in order to form the bottom pole piece P1 in pole tip element PT1a, and it 
lacks, As opposed to the side attachment wall of said pole tip element PT 2 which used said 
demarcated pole tip element PT 2 as a mask, and was demarcated at an include angle theta How 
to manufacture MR combined head which has the crowning and pars basilaris ossis occipitalis 
containing the step which turns at least one ion beam to the pole tip part said whose bottom 
pole piece P1 is not demarcated which are selectively surrounded by the air bearing side (ABS). 
[Claim 29] The step which deposits a photoresist mask on said apical pole piece P2 before the 
step which turns at least one ion beam to the pole tip part said whose bottom pole piece P1 is 
not demarcated, So that it can work as a mask for the step which turns at least one ion beam to 
the pole tip part said whose demarcated pole tip element PT 2 is not demarcated [ of said 
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bottom pole piece P1 ] The approach containing said demarcated pole tip element PT 2 and the 
step which prepares opening which exposes the area on each of that side face in said 
photoresist mask according to claim 28. 

[Claim 30] The step which deposits the gap layer G on said at least one magnetic layer before 
the step which deposits said another magnetic layer since the pole tip part said whose bottom 
pole piece P1 is not demarcated is covered is included. Before the step which turns said at least 
one ion beam turns an ion beam to the pole tip part said whose bottom pole piece P1 is not 
demarcated It is characterized by including the step which turns an ion beam to the gap layer G. 
The approach according to claim 28 that the step which turns said at least one ion beam is 
characterized by preparing the pole tip element PT1b r 1st [ of PT2 ], and 2nd vertical side- 
attachment-walls, 1st [ which are aligned, respectively ], and 2nd vertical side attachment walls 
in said gap layer G. 

[Claim 31] The step which deposits the gap layer G on said at least one magnetic layer before 
the step which deposits said another magnetic layer since the pole tip part said whose bottom 
pole piece P1 is not demarcated is covered is included. The step which deposits said gap layer G 
is characterized by bringing about the gap layer which has thickness g of within the limits from 
0.1 micrometers to 0.7 micrometers by ABS. The approach according to claim 28 that the die 
length of said pole tip element PTIb in said ABS is characterized by being 2.0g substantially. 
[Claim 32] The approach according to claim 28 that the step which turns said at least one ion 
beam is characterized by consisting of turning a single ion beam at the single include angle theta. 

[Claim 33] The approach according to claim 28 characterized by for the 1st ion beam being the 
include angle theta within the limits of 0 degree < theta< 60 degrees, and the 2nd ion beam being 
the include angle theta within the limits of 60 degrees < theta< 85 degrees including the step to 
which the step which turns said at least one ion beam turns the 1st and 2nd ion beams. 
[Claim 34] The approach according to claim 33 that said 1 st ion beam is characterized by being 
the include angle theta within the limits of 20 degrees < theta< 40 degrees. 
[Claim 35] The approach according to claim 34 characterized by for said 1 st ion beam being 30 
degrees in include angle theta substantially, and said 2nd ion beam being the include angle theta 
of 75 degrees substantially. 

[Claim 36] The approach according to claim 28 characterized by including the step which 
deposits the pole tip layer PT 2 which has the additional thickness whose step on which the step 
which turns said at least one ion beam decreases the thickness of the pole tip layer PT 2, and 
deposits said pole tip element PT 2 is reduction of the thickness of said pole tip element PT 2 
caused by the step which turns said at least one ion beam. 

[Claim 37] The approach containing the step which leaves the aperture in which said demarcated 
pole tip element PT 2 and the area on each of that side face are exposed in the mask between 
said ABS and 0 throat level, and deposits a mask between 0 throat level and a back gap 
substantially on said apical pole piece P two-layer before the step which turns said at least one 
ion beam according to claim 36. 

[Claim 38] The approach according to claim 37 which the step which turns said at least one ion 
beam consists of turning a single ion beam at the single include angle theta, and is characterized 
by said include angle theta being within the limits of 0 degree < theta< 60 degrees. 
[Claim 39] The approach according to claim 37 characterized by for the 1st ion beam being the 
include angle theta within the limits of 20 degrees < theta< 40 degrees, and the 2nd ion beam 
being the include angle theta within the limits of 65 degrees < theta< 85 degrees including the 
step to which the step which turns said at least one ion beam turns the 1 st and 2nd ion beams. 
[Claim 40] The approach according to claim 39 characterized by for said 1 st ion beam being 30 
degrees in include angle theta substantially, and said 2nd ion beam being the include angle theta 
of 75 degrees substantially. 

[Claim 41] The step which deposits the gap layer G on said at least one magnetic layer before 
the step which deposits said another magnetic layer since the pole tip part said whose bottom 
pole piece PI is not demarcated is covered is included. The approach according to claim 40 that 
the step which deposits this gap layer G is characterized by bringing about the layer thickness 
which brings die-length g in said ABS to a gap G, and the die length of pole tip element PTIb in 
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said ABS is characterized by being 2.0g substantially. 

[Claim 42] The approach according to claim 41 that said 1st and 2nd ion beams are 
characterized by being turned simultaneously. 

[Claim 43] The approach according to claim 41 that said 1st and 2nd ion beams are 
characterized by being turned one by one. 

[Claim 44] The step at which the step which turns said at least one ion beam places said bottom 
pole piece P1 which deposited many layers on it into an ion beam milling chamber, The approach 
according to claim 43 characterized by including the step which rotates many layers deposited 
said bottom pole piece P1 and on it at a fixed rotational frequency while having turned the ion 
beam to many layers deposited said bottom pole piece P1 and on it. 

[Claim 45] The step which deposits said gap layer G contains in said gap layer G the step which 
brings about die-length g of within the limits from 0.1 micrometers to 0.7 micrometers. The step 
on which the step which deposits said another magnetic layer deposits said pole tip element PT 
2 which has the layer thickness of about 7 micrometers is included. So that the step which turns 
said at least one ion beam may become the depth each notching of whose is about 0.7 
micrometers and said pedestal may have height of about 0.7 micrometers The approach 
according to claim 44 that the step which turns said at least one ion beam to said bottom pole 
piece P1 including the step which prepares notching is characterized by decreasing the 
thickness of said pole tip element PT 2 by about 2 micrometers. 

[Claim 46] In the approach of manufacturing MR combined head containing MR read head and 
the write head this MR read head — the 1st and the 2nd shielding layer SI and S2 — this — 
the 1st inserted between the 1st and 2nd shielding layers S1 and S2, and the 2nd gap layer G1 
and G2 — and It has MR component pinched between the 1st and 2nd gap layers G1 and G2. 
this — Said write head is prolonged from an air bearing side (ABS) to a back gap. The bottom 
pole piece PI and the apical pole piece P2 containing this back gap are included. This bottom 
pole piece Pi Constitute the 2nd shielding layer S2 and it has pole tip element PT1a and PT1b 
to which said bottom pole piece P1 extends between said ABS and 0 throat level. Said apical 
pole piece P2 has the pole tip element PT 2 prolonged between said ABS and said 0 throat level. 
Said pole tip element PT1b is a pedestal about said 2nd shielding layer S2, said bottom pole 
piece PI, and said pole tip element PT1a. Said 2nd shielding layer S2 contains said pole tip 
element PT1a and PT1b. The gap layer G should be caught between said pole tip element PTIa 
and PT2. Said pole tip element PT 2, said gap layer G, and said pole tip element PT1b f 
respectively It has the 1st and 2nd vertical side attachment walls. Said pole tip element PT 2 f 
said gap layer G, and the 1st perpendicular side attachment wall of said pole tip element PT1b It 
is continuing in the 1 st vertical plane. Said pole tip element PT 2, said gap layer G, and the 2nd 
perpendicular side attachment wall of said pole tip element PT1b Are continuing in the 2nd 
vertical plane and said 1st and 2nd vertical planes are vertical to said ABS. the distance w which 
demarcates the width of recording track of MR combined head — ABS — mutual — being 
isolated — **** — (1) — with said 2nd shielding layer S2 of said MR read head (2) in order to 
form said bottom pole piece P1 which has the pole tip part it is not demarcated between 
[ whose ] said ABS and 0 throat level, and a back part between said 0 throat level and back gaps 
Said back gap is included. From said ABS to said back gap From the step which deposits the 1st 
magnetic layer, and said ABS to said 0 throat level In order to form said apical pole piece P2 
which has said demarcated pole tip element PT 2 which has the step which deposits the gap 
layer G on said 1st magnetic layer, and said 1st and 2nd vertical side attachment walls, The step 
which deposits the 2nd magnetic layer on said gap layer G on said 1st magnetic layer, Use said 
pole tip element PT 2 for said 1st magnetic layer as a mask for preparing notching on each side 
face of said pole tip element PT 2, and by said 1 st magnetic layer in an area with the pole tip 
part said whose bottom pole piece P1 is not demarcated It is substantially parallel to said ABS, 
and the step which turns at least one ion beam in the include-angle theta direction to the 1 st 
and 2nd side attachment walls of said pole tip element PT 2 is included. By said notching Said 
1st magnetic layer which has a vertical pedestal is left behind. Said vertical pedestal Are said 
pole tip element PTIb, and the 1st and 2nd vertical side attachment walls are brought to said 
pole tip/ element PT1b. The magnetic layer except said pedestal between said ABS and said 0 
throat level Said pole tip element PT1a is included. Said pole tip element PT1b and the 1st 
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perpendicular side attachment wall of PT2 It aligns in the 1st vertical plane. Said pole tip PT1b 
and the 2nd side attachment wall of PT2 Said approach characterized by being mutually isolated 
by said ABS in order that it aligns in the 2nd vertical plane, and said 1st and 2nd vertical planes 
may be vertical and may demarcate width-of-recording-track w of MR combined head to said 
ABS. 

[Claim 47] The step which turns said at least one ion beam contains the step which turns an ion 
beam to said gap layer G before turning an ion beam to a non-demarcated pole tip part. The 
approach according to claim 46 that the step which turns said at least one ion beam is 
characterized by bringing the 1st and 2nd side attachment walls aligned by said pole tip element 
PTIb, the 1st of PT2, and the 2nd vertical side attachment wall, respectively to said gap layer G. 

[Claim 48] The approach according to claim 46 characterized by for said 1 st ion beam being the 
include angle theta within the limits of 20 degrees < theta< 40 degrees, and said 2nd ion beam 
being the include angle theta within the limits of 65 degrees < theta< 85 degrees including the 
step to which the step which turns said at least one ion beam turns the 1st and 2nd ion beams. 
[Claim 49] The step which turns said 1 st and 2nd ion beams decreases the thickness of said 
pole tip element PT 2. The step which deposits a magnetic layer in order to form said pole tip 
element PT 2 It is characterized by including the step which deposits said pole tip element PT 2 
which has the additional thickness which is reduction of the thickness of said pole tip element 
PT 2 caused by the step which turns said at least one ion beam. It leaves the aperture which 
exposes the area on said demarcated pole tip element PT 2 and each of its side face before the 
step which turns said 1 st and 2nd ion beams in the mask between said ABS and said 0 throat 
level. The approach containing the step which deposits a mask between said 0 throat level and 
back gaps substantially on said apical pole piece P2 according to claim 48. 

[Claim 50] The approach according to claim 49 that the step which deposits said gap layer G is 
characterized by bringing about the layer thickness which brings die-length g in said ABS to said 
gap G, and the die length of said pole tip element PT1b in said ABS is characterized by being in 
within the limits from 0.5g to 3.0g. 

[Claim 51] The approach according to claim 50 characterized by for said 1st ion beam being 
about 30 degrees in include angle theta, and said 2nd ion beam being the include angle theta of 
about 75 degrees. 

[Claim 52] The step on which the step which deposits said gap layer G deposits the gap layer G 
which has thickness g of within the limits from 0.1 micrometers to 0.7 micrometers is included. 
The step on which the step which deposits said pole tip element PT 2 deposits said pole tip 
element PT 2 which has the layer thickness of about 7 micrometers is included. Notching which 
has the depth whose step which turns said 1st and 2nd ion beams is a depth of about 0.7 
micrometers is prepared in said 1st magnetic layer. By this The approach according to claim 51 
that the step which turns said 1st and 2nd ion beams is characterized by decreasing the layer 
thickness of said pole tip element PT 2 by about 2 micrometers including the step which 
prepares the pedestal which has height of about 0.7 micrometers. 

[Claim 53] The step at which the step which turns said 1st and 2nd ion beams places the 1st 
magnetic layer which deposited many layers on it into an ion beam milling chamber, The 
approach according to claim 52 characterized by including the step which rotates many layers 
deposited said 1st magnetic layer and on it at a fixed rotational frequency while having turned 
the ion beam to many layers deposited said 1st magnetic layer and on it 
[Claim 54] The approach according to claim 53 that said 1st and 2nd ion beams are 
characterized by being turned simultaneously. 

[Claim 55] The approach according to claim 53 that said 1st and 2nd ion beams are 
characterized by being turned one by one. 



[Translation done.] 



http://www4jpdljpo.gojp/cgiHDin/to 2004/06/18 



1/17 ><— v 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the thin film merge magnetic-reluctance (MR) 

head which has the aligned pole tip, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In a magnetic-disk driving gear, data are written by the thin film 
magnetic transducer which is supported on the front face of the disk which rotates at high speed 
and which is called a "head." A head is supported with the thin cushion ("air bearing") of air 
made by high-speed revolution of a disk. 

[0003] Since the thin film MAG write head brings about high surface density, it is desirable, and 
since resolution is high, the thin film MAG read head is desirable. The thin film magnetic head is 
also easy to manufacture. It can cut fine and divide into each head, after manufacturing a head 
collectively on a ceramic substrate using various thinHilm-fabrication techniques (dice). 
[0004] The bottom pole piece P1 and the apical pole piece P2 which are formed from the thin 
film ("layer") of a magnetic material are contained in the thin film write head. These pole pieces 
have the pole tip height dimension generally called "throat height (throat height)." In the 
completed write head, it is measured between the air bearing side ("ABS") formed when throat 
height polishes the head of a pole piece, and 0 throat height level ("0 Throat level") which the 
bottom pole piece P1 and the apical pole piece P2 converge on a magnetic-recording gap. The 
pole tip field placed between ABS and 0 throat level is included also in the thin film MAG write 
head, further, it extends in back from 0 throat level, and the back area containing a back gap is 
included. Each of a pole piece has a pole tip part to a pole tip field, and has a back part to a back 
field. The pole piece of each other is connected about a back gap. 

[0005] The pole tip is extension of the bottom pole piece P1 of the write head, and the apical 
pole piece P2. Each of the bottom pole piece P1 and the apical pole piece P2 changes to the 
pole tip in a pole tip field. The pole tip is separated by the gap layer (G) which is a film of an 
insulating material. The pole tip of the apical pole piece P2 is the element of the last which 
guides magnetic flux to a magnetic medium. Therefore, the width of face is more important than 
the width of face of the pole tip of the bottom pole piece PI. However, in order to make the 
magnetic-flux leakage between the pole tips into min so that it may explain to a detail in the 
bottom, it is important that the pole tip has the same width of face. 

[0006] In order to raise the amount ("surface density") of the data memorized by per unit 
surface area of a disk, it is required for the write head to write in many data with the narrower 
truck on the front face of a disk. Therefore, the improvement in surface density is possible by 
reducing the gap length between the pole tips. The bit density in a truck increases by reducing 
gap length. However, compaction of gap length is restricted by reduction of the magnetic-flux 
reinforcement between the pole tips (flux intensity). The improvement in surface density is 
possible also by increasing the number of the data tracks which the write head records on a disk. 
The parameter expression relevant to this is "it being an inch the whole truck" or "TPL" The 
TPI capacity of the write head is heightened by reducing the head dimension which determines 
the width of face of a data track. Usually, this dimension is called the "width of recording track" 
of a head. 

[0007] The magnetic-reluctance (MR) element from which flux density is answered from the 
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rotating magnetic disk, and resistance changes is used for MR read head. The perception current 
which passes this magnetic-reluctance element changes in proportion to change of resistance of 
a magnetic-reluctance element. The response of a magnetic-reluctance element is due to 
whether change of the flux density resistance change of a magnetic-reluctance element is 
sensed from a magnetic medium to be it is followed good however. In a disk driving gear, in order 
to process the readback signal from the read head, a differential preamp is connected to a 
magnetic-reluctance element. A magnetic-reluctance element is the thin film layer pinched by 
the bottom gap (insulation) layer G1 and the top gap layer G2, and these are inserted into the 
2nd shielding layer S2 which is the 1st shielding layer S1 and top shielding layer which are a 
bottom shielding layer. The distance between these shielding layers is called a read gap. As a 
read gap is narrow, the resolution of MR read head becomes higher. 

[0008] MR compound (merged) head was brought about by advance of the latest technique. In 
MR combined head, it is used combining MR read head and the write head. This is attained by 
using the 2nd shielding layer S2 of an MR head as a bottom pole piece P1 of the write head. MR 
combined head has high capacity about either read or writing. In MR combined head, since the 
2nd shielding layer S2 of MR read head works also as a bottom pole piece P1 of the write head 
and one manufacture step is skipped by this, a processing step is saved to the case where the 
read head and the write head are manufactured independently. Another advantage of MR 
combined head is being able to align many elements of the read head and the write head easily 
on a single suspension system for the read immediately after writing. 

[0009] However, with current MR combined-head structure, a quite large side fringe magnetic 
field arises during record. This field is produced by the magnetic-flux leakage by the part beyond 
the field demarcated by P2 of the bottom pole piece P1 from the apical pole piece P2. This side 
fringe magnetic field restricts the minimum width of recording track which can be attained, 
therefore restricts the upper limit of track density. Consequently, when reading the truck written 
in with the record element of MR combined head with MR element, the "off-track" engine 
performance of MR element becomes inferior. That is, when MR element moves to a longitudinal 
direction from the core of the truck in read, the interference from the field of an adjoining truck 
begins to interfere with the field of the truck in read only by the MR element moving for a while. 
[0010] With an induction head, the side attachment wall of the bottom pole tip element PT 1 and 
the top pole tip element PT 2 is substantially aligned vertically by the ion beam milling through 
an up-and-down pole piece, and is substantially restricted to equal width of face. However, an 
outward taper is somewhat attached toward the bottom pole tip element PT 1 for shadowing 
caused with the top pole tip element PT 2 during this processing. Although the asymmetry of 
this taper brings about the effect which is not desirable as for some, the side attachment wall of 
the pole tip is aligned in general vertically so that the side fringe exceeding the edge of the gap 
between the pole tips may be prevented. 

[001 1] By this approach for manufacturing MR combined head, after depositing a gap layer on 
the 2nd shielding layer S2, the top pole tip element PT 2 is deposited on a gap layer. The top 
pole tip element PT 2 can be demarcated by either photoresist frame plating or ion beam milling. 
The width of face of the top pole tip element PT 2 is kept narrow at about 5 micrometers, in 
order to restrict the width of face of the truck written in. However, the 2nd shielding layer S2 of 
this MR read head has very large width of face of about 50 micrometers, in order to shield MR 
element in the read head. The side fringe magnetic-flux field between the pole tip elements with 
which a difference of this width of face is horizontally prolonged exceeding the width of face of 
the top pole tip element PT 2 is brought about. This is caused by the width of face of the 2nd 
shielding layer S2 which brings about the big horizontal channel for the line of magnetic flux from 
the top pole tip element PT 2. As for the 2nd shielding layer S2 containing the bottom pole tip 
element PT 1, it must be desirable to have the side attachment wall aligned by the side 
attachment wall of the top pole tip element PT 2. However, since the 2nd shielding layer S2 
needs to be broad in order to protect MR element, this is impossible. For this reason, it seems 
that the off^ack engine-performance problem of MR combined head is not improvable. 
[0012] It is that one of the solutions to the side fringe problem of MR combined head makes 
narrow pole tip layer PT1b, and it gives a play as pole tip element PT1a of a broad bottom by S 
two-layer on the 2nd shielding layer S2. Both these pole tips are the pole tip parts of the bottom 
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pole piece PI, and pole tip layer PT1b forms a pedestal (pedestal) on pole tip element PT1a. 
Then, a gap layer is formed on pole tip layer PT1b, and the top pole tip element PT 2 of the 
apical pole piece P2 is formed on the gap layer. This pole tip arrangement can mask the yoke 
area of whether frame plating of each of pole tip layer PT1b and the top pole tip element PT 2 is 
carried out using (1) photoresist masking technique, and (2) apical-pole piece P2, and can 
constitute it by either of whether ion beam milling is performed through both the top pole tip 
element PT 2, pole tip layer PT1b, and the gap layer between them. It is extremely difficult to 
align the top pole tip element PT 2 and the side attachment wall of pole tip layer PT1b in frame 
plating processing. This is because it is galvanized at the different process of the pole tip, 
respectively, consequently a location gap of a photoresist mask arises. In the case of ion beam 
milling, while the redeposition of milling waste processes, it accumulates on PT2, and shadowing 
of pole tip layer PT1b under it is caused. Although this shadowing is a phenomenon produced 
also in case the induction head described in the top is manufactured, it brings about the outward 
taper configuration of lower pole tip layer PT1b. Shadowing is horizontally prolonged from the 
lower pole tip, and brings about the magnetic path of a side fringe magnetic field. By turning not 
straight facing down but an ion beam to a certain include angle to a side attachment wall, waste 
was removed and the attempt which aligns the side attachment wall of these pole tips vertically 
has been made. Trashy [ some ] are excised by this. However, since accumulated waste is 
dramatically thick, a vertical side attachment wall cannot be acquired by this processing. 
[0013] 

[Problem(s) to be Solved by the Invention] The object of this invention is offering the thin film 
magnetic head which has the pole tip aligned vertically, in order to minimize a side lighting 
(sidewriting). 

[0014] Another object of this invention is offering the thin film MR combined head by which the 
off-track engine performance's was improved. 

[0015] Another object of this invention is offering MR combined head which has the 2nd shielding 
layer S2 which works as shielding; of the magnetic-reluctance element in it, and works also as 
the pole tip of the write head which has the good off-track engine performance. 
[0016] Another object of this invention has the pedestal of height with the small 2nd shielding 
layer S2. It is characterized by for this pedestal working as pole tip layer PT1b, and the S two- 
layer under it working as pole tip element PT1a of the bottom pole piece P1 of the write head. 
The side attachment wall of pole tip layer PT1b is offering MR combined head characterized by 
aligning at right angles to the side attachment wall of the top pole tip element PT 2. 
[0017] Other objects and advantages will become clear if an example is taken in the following 
explanation of this invention. 
[0018] 

[Means for Solving the Problem] The side fringe problem of MR combined head of the 
conventional technique was solved by discovery of two original steps in processing of MR 
combined-head manufacture. I hear that the 1 st discovery can make the die length (pedestal 
part about S2 / PT1a pole tip) of pole tip layer PT1b shorter than what was considered before, 
and there is. When pedestal pole tip layer PT1b which has one 0.5 times thru/or 2.5 times the 
die length of die-length g of the gap layer G of this was used and the side attachment wall of 
pedestal pole tip layer PT1b was aligned at right angles to the side attachment wall of the top 
pole tip element PT 2, it was observed that a side fringe magnetic field decreases substantially. 
Vertical-position doubling was attained by the 2nd discovery containing two steps. The 1st step 
is carrying out frame plating of the top pole tip element PT 2 on the gap layer which has desired 
width of face. Since it is reduced by the following processing step, thickness of this layer can be 
made thicker than desired final thickness. For example, when asking for the last thickness of 5 
micrometers, 2 micrometers of an addition can be added and it can consider as the thickness of 
a total of 7 micrometers. The top pole tip element PT 2 which has the thickness of 7 
micrometers and has a vertical side attachment wall can be constituted using photoresist frame 
plating processing. The following step is using the top pole tip element PT 2 as a mask, turning 
an ion beam to the magnetic layer under the top pole tip element PT 2 at a certain include angle 
to the side attachment wall of the top pole tip element PT 2, and forming notching and pedestal 
pole tip layer PT1b for the magnetic layer under PT2 of each side face of a side attachment wall. 
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If a proper include angle is used, the surprising result that the side attachment wall of pedestal 
pole tip layer PT1b is aligned at right angles to the side attachment wall of the top pole tip 
element PT 2 will be obtained. Since the die length of pedestal pole tip layer PTIb can be 
shortened dramatically, in order to decrease magnetic-flux leakage appropriately, pedestal pole 
tip layer PT1b can be directly milled in the 2nd shielding layer S2. In order to form a pedestal on 
the 2nd shielding layer S2, it becomes unnecessary to deposit a layer on it by this. Although 
typical gap length is 0.3 micrometers, the die length of pedestal pole tip layer PT1b of about 0.6 
micrometers is brought about by this. The notch of the 2nd shielding layer S2 by the ion beam 
milling for obtaining pedestal pole tip layer PT1b does not influence the capacity which shields a 
magnetic-reluctance element. By turning an ion beam to a certain include angle to the side 
attachment wall of the top pole tip element PT 2, this ion beam removes redeposition to a cut 
and coincidence. It turns out that a satisfactory result is obtained at the include angle of 55 
degrees, however — still better milling processing — sequence — or two ion beams are used by 
either of the It turns out that the 1 st beam turned to 30 degrees performs partial 

clearance of a cut and redeposition, the 2nd 75-degree beam removes all the remaining 
redeposition, and the top pole tip element PT 2 and the side attachment wall vertically aligned 
between pedestal pole tip layer PT1b are brought about. Instead, a magnetic layer can be placed 
on the 2nd shielding layer S2, and this can be cut and lacked by the step explained about the 
2nd discovery. However, unless it is the case where it asks for a different ingredient, the 
processing step of an unnecessary addition is needed for this. Instead, before demarcating 
pedestal pole tip layer PT1b under a gap layer, a gap layer is milled by the ion beam, or can be 
demarcated by chemical etching. These two discovery is used for an important thing, and the 
width of recording track of less than 2 micrometers can be attained. On the other hand, the 
induction head which has the width of recording track of less than 3 micrometers does not exist. 

[0019] 

[Example] Although a drawing is referred to here, the same sign shows resemblance or the same 
components through the same drawing all over drawing. The magnetic-disk driving gear 40 which 
contains the rotating magnetic disk 42 in drawing 1 is shown. A magnetic disk 42 rotates by the 
motor 44 which answers a control signal from the source of driving gear control (not shown). 
When a magnetic disk 42 rotates, the thin film MR combined head (MR combined head is called 
hereafter) 46 attached in the slider 48 is supported by the film of the air called an "air bearing" 
on the front face of a magnetic disk 42. The MR read head 50 and the write head 52 are 
contained in the MR combined head 46. The base of a slider 48 and the MR combined head 46 is 
in the flat surface of the air bearing side (ABS is called hereafter) 54 of a slider. While the 
magnetic disk is rotating, only the distance d which is the floatation height of the MR combined 
head 46 is isolating ABS54 from the front face of a magnetic disk 42. A slider 48 is connected to 
the head suspension assembly 56 including the means for telling a reading signal between the 
driving gear electronic circuitry 58 and a head. Many above-mentioned components of a driving 
gear are attached in the driving gear housing 59. 

[0020] The relation of operation to the truck 62 of the rotating magnetic disk shows the pole tip 
element of the write head 52 to the sigh 60 of drawing 2 roughly. The magnetic-flux reversal 
showing the information recorded on the truck by the write head is roughly shown in a sign 64. 
The number of the magnetic-flux reversal of the die length of a truck per inch is the linear 
density of the read head, or the scale of bit density. When shortening the gap length of the write 
head, bit density increases. Another important scale is TPI of the write head of a sign 60. TPI 
becomes larger as the width of face of the pole tip element of the write head is narrow. Bit 
density and the surface density of the product of TPI to the write head are obtained. This is the 
scale of the amount of the information which can be written in per unit area of a magnetic disk. 
[0021] Drawing 3 is the part drawing of the MR combined head 46 showing the MR read head 50 
and the write head 52. The MR combined head 46 is attached in a slider 48. 
[0022] The magnetic-reluctance element MR pinched between the bottom gap layer G1 and the 
top gap layer G2 is contained in the MR read head 50, and these gap layers are pinched between 
the 1st shielding layer S1 and the 2nd shielding layer S2 so that drawing 3 may show. In MR 
combined head, the 2nd shielding layer S2 of the MR read head 50 works also as a bottom pole 
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piece P1 of the write head 52 so that it may explain below at a detail. 

[0023] An air bearing side (ABS) f the pole tip field placed between 0 throat level, and the yoke 
field or back field which extends back from 0 throat level to a back gap, and contains a back gap 
is included in the write head 52 so that drawing 5 may show. The bottom pole piece P1 and the 
apical pole piece P2 are contained in the write head 52. The bottom pole piece P1 constitutes 
the 2nd shielding layer S2 of the MR read head 50. It has a part for the back layer of the bottom 
pole piece P1 and the apical pole piece P2 put on a back field, respectively, and a part for the 
back layer of a pole piece is magnetically combined about a back gap (BG). The pole tip 
structure put on the pole tip field between ABS and 0 throat level is included in the bottom pole 
piece PI. Lower pole tip element PT1a and upper pedestal pole tip layer PT1b are contained in 
this pole tip structure. The pole tip structure put on the pole tip field between ABS and 0 throat 
level is included in the apical pole piece P2. The pole tip element PT 2 is contained in this pole 
tip structure. Although pole tip element PT1a and pedestal pole tip layer PT1b are formed in an 
integral from the 2nd shielding layer S2 of the MR read head 50, they explain this to a detail 
later. A gap layer (G) is pinched between pedestal pole tip layer PT1b and the top pole tip 
element PT 2. The thickness (gap length) of a request of this layer is about 0.3 micrometers, and 
the linear density of the write head is optimized, without sacrificing magnetic-flux reinforcement 
of the write head by this. However, the gap length who can approve reaches the range from 0.1 
micrometers to 0.7 micrometers. The gap layer G can be extended to the back gap BG, or 
[ instead ] can be closed on 0 throat level. 

[0024] The 1st insulating layer 11 is deposited on the gap layer G by suitable approaches, such 
as a photolithography, the 1st insulating-layer 11 top — suitable approaches, such as photoresist 
frame plating, — a coiled form — a conductor 70 is made to deposit a coiled form — on a 
conductor 70, the 2nd insulating layer 12 and the 3rd insulating layer 13 are deposited by suitable 
approaches, such as a photolithography. 

[0025] The MR combined head 46 is called "a merge" because the bottom pole piece P1 and its 
pole tip constitute the 2nd shielding layer S2 of MR read head as shown in drawing 5 and drawing 
6 . It is that the processing step on which one of the descriptions of a merge head deposits the 
magnetic layer of an excess becomes unnecessary. However, the big width of face of the 2nd 
shielding layer S2 exceeding the both-sides side of the gap layer G spreads magnetic flux toward 
the 2nd shielding layer S2 exceeding the width of face of the top pole tip element PT 2 so that 
drawing 6 may show. This "side fringe (side-fringing)" magnetic flux may cause a side lighting, 
and this may reduce the off-track engine performance. This problem cut and lacked the 2nd 
shielding layer S2 in the both sides of the gap layer G, and the location of signs 78 and 79, and 
was conquered by bringing about the 2nd shielding layer S2 which has the pedestal which forms 
pedestal pole tip layer PT1b. Under pedestal pole tip layer PT1b, the area called pole tip element 
PT1a is. Pole tip element PT1a and pedestal pole tip layer PT1b are front extension of the 
bottom pole piece PI which constitutes the 2nd shielding layer S2. The width of face of the 2nd 
shielding layer S2 is sufficient width of face to shield MR element of the MR read head 50 
effectively. This width of face can be set to about 50 micrometers to the width of face of a pole 
tip element being 2 micrometers. Please care about that the notching 78 and 79 of the 2nd 
shielding layer S2 brings about pedestal pole tip layer PT1b which has the 1st vertical side 
attachment wall 80 and the 2nd vertical side attachment wall 82. Similarly, the gap layer G has 
the 1st vertical side attachment wall 84 and the 2nd vertical side attachment wall 86. The top 
pole tip element PT 2 on the gap layer G has the 1st vertical side attachment wall 88 and the 
2nd vertical side attachment wall 90. The 1st side attachment wall 80 of pedestal pole tip layer 
PT1b, the 1st side attachment wall 84 of the gap layer G, and the 1st side attachment wall 88 of 
the top pole tip element PT 2 are continuing in the 1st vertical plane 100, and the 2nd side 
attachment wall 82, 86, and 90 is continuing in the 2nd vertical plane 102. The 1st vertical plane 
100 and the 2nd vertical plane 102 are mutually placed at equal intervals by ABS, and form 
width-of^recording-track w of the write head 52 so that drawing 6 may show. The 1st vertical 
plane 100 and the 2nd vertical plane 102 are also vertical to ABS. As for the 1st vertical plane 
100 and the 2nd vertical plane 102. it is desirable that they are regular intervals [ from ABS to / 
whole / 0 throat level ]. However, if wished, these can be made into an open rectangle from ABS. 
Vertical-position setting the side attachment wall of the pole tip element within the 1st vertical 
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plane 100 and the 2nd vertical plane 102 is important in order to make into min the side lighting 
caused by the big breadth of the 2nd shielding layer S2 combining pedestal pole tip layer PT1b. 
The following paragraph explains the importance of this pedestal pole tip layer PT1b. 
[0026] It was discovered that the die length of pedestal pole tip layer PT1b can be far shortened 
from the die length considered to be possible before, this invention person determined the 
optimal notch depth of the 2nd shielding layer S2 for forming pedestal pole tip layer PT1b which 
has the optimal die length. The result of the analysis is shown in drawing 9 thru/or drawing 12 . 
The field of the write head which (1) bottom pole piece (P1) cut with each of drawing 9 thru/or 
drawin g 12 , and was lacked side truck write-in [ within a flat surface ] is shown. (2) — the head 
field which it normalized to the ofMrack location of mum unit — plotting — (3), since almost all 
heads are designed near [ 2.5 times as much as the saturation holding power of disk media ] the 
maximum write-in field Take an effective fringe magnetic field with the normalization head 
amplitude of 0.4, and an off-track location is measured from the side attachment wall of the gap 
layer G along with the horizontal center line of (4) gaps. (5) the broken line which gap length is 
0.4 micrometers, and the floatation height of the head on the disk which carries out (6) 
revolutions is 0.075 micrometers, and was described as (7 "max") There is no notching, 
therefore there is no pedestal pole tip layer PT1b. The result, The broken line which is a side 
truck write-in field in case there is a gap layer G right above the 2nd shielding layer S2 (refer to 
drawing 14 ), and was described as (8 "min") It is the side truck write-in field of pedestal pole tip 
layer PT1b of the die length of infinity, and the continuous line which is between the "minimum" 
broken lines with (9 "max") is as a result of analysis. In drawing 9 , the die length of pedestal 
pole tip layer PT1b shown in drawing 5 is 3 times, i.e., 1.2 micrometers, the gap length. By the 
normalization head field of 0.4, it turns out that a side truck write-in field is dramatically close to 
the minimum side truck write-in field of pedestal pole tip layer PT1b of infinity length. In drawing 
10 , the die length of pedestal pole tip layer PT1b is twice, i.e., 0.8 micrometers, the gap length. 
The result in a 0.4 normalization head field is still dramatically close to the minimum side truck 
write-in field of the pole tip element of infinity length. In drawing 1 1 , although the die length of 
pedestal pole tip layer PT1b is 1 time, i.e., 0.4 micrometers, the gap length, it still has the engine 
performance near [ case / where the pole tip with which it is expressed by the "greatest" 
broken line does not exist ] the infinity pole tip with which it is expressed by the "minimum" 
broken line. Even if notching of the 2nd shielding layer S2 is 0.4 micrometers, it is shown in 
d rawi ng H that the off-track engine performance of the write head is considerably improved by 
pedestal pole tip layer PT1b with a die length of 0.4 micrometers to the write head in which a 
pedestal does not exist at all. In drawing 1 2 , the die length of pedestal pole tip layer PT1b is 0.5 
times, i.e., 0.2 micrometers, the gap length. Even if die length is 0.2 micrometers, pedestal pole 
tip layer PT1b is the normalization head field of 0.4, and brings about 40% of improvement to the 
head in which a pedestal does not exist at all. 

[0027] Even if the above-mentioned analysis shortens dramatically the die length of pedestal 
pole tip layer PT1b, it is proved [ analysis ] that a remarkable improvement of the off-track 
engine performance can be attained. The permissible range of this die length is from gap length's 
0.5 times to 3.0 times, and gap length's twice are the desirable die length or the optimal die 
length of pedestal pole tip layer PT1b. Please understand that the gap length can be made into 
values other than 0.4 micrometer shown here. The gap length can be made into various values in 
the range from 0.1 micrometers to 0.7 micrometers about the permissible engine performance. 
Therefore, notching or die length of pedestal pole tip layer PT1b should become from desired gap 
length's 0.5 times to 3.0 times. It is quite important that pedestal pole tip layer PT1b can be 
formed in the 2nd shielding layer S2 of the MR read head 50, without changing the engine 
performance of the 2nd shielding layer S2 about shielding of MR element. The 2nd shielding layer 
S2 is usually the thickness from 7 micrometers to 8 micrometers, and about 1 -micrometer 
notching does not influence the engine performance. However, if wished, the thicker 2nd 
shielding layer S2 can be deposited, taking notching 78 and 79 into consideration. An important 
thing is that the step which deposits another layer for pedestal pole tip layer PT1 b is saved by 
this notching. However, after depositing another layer on the 2nd shielding layer S2, in order to 
prepare pedestal pole tip layer PT1b which consists of a different ingredient from the 2nd 
shielding layer S2, please understand that notching can be made suitably. Probably, this is 
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desired when pedestal pole tip layer PT1b consists of a different ingredient from the 2nd 
shielding layer S2. For example, in order to treat the magnetic flux of a large quantity for 
pedestal pole tip layer PT1b, it can constitute from an ingredient of the high saturation moments, 
such as the 2nd iron of nitriding, and the 2nd shielding layer S2 can consist of ingredients of the 
hyposaturation moments, such as a permalloy. The configuration of pedestal pole tip layer PT1b 
which consists of a different ingredient from the 2nd shielding layer S2 is explained to a detail 
later. 

[0028] Although compaction of the die length of pedestal pole tip layer PT1b is important 
discovery, as shown in drawin g 6 , it is also important for it that the side attachment wall of 
pedestal pole tip layer PT1b and pole tip element PT2b is mutually aligned vertically by ABS. The 
approach of the configuration for attaining these vertical side attachment walls is another 
discovery explained to a detail by lower "method of manufacturing MR combined head." 
[0029] Here, the engine performance of drawing 5 and the MR combined head 46 of drawing 6 
can be compared with MR combined head of drawing 14 and the conventional technique of 
drawing 1 5 . In MR combined head of the conventional technique, the top pole tip layer PT 2 is 
formed on the 2nd shielding layer S2 on both sides of the gap layer G in between. The 2nd 
shielding layer S2 works as a bottom pole piece PI, and works as a bottom pole tip layer PT 1 in 
the front extension. The only element which separates the top pole tip layer PT 2 from the 2nd 
shielding layer S2 is the gap layer G. Since the breadth of the 2nd shielding layer S2 is large as 
compared with the width of face of the top pole tip layer PT 2, remarkable side fringe magnetic 
flux is prolonged from the top pole tip layer PT 2 to the 2nd shielding layer S2 exceeding the 
width of face. This brings about a remarkable side lighting and the poor off-track engine 
performance. As for magnetic flux, it is desirable to be thoroughly settled in the flat surface 
which progresses between the top pole tip layer PT 2 and the 2nd shielding layers S2 which work 
as bottom pole tip layers PT 1, and is formed with the side attachment wall of the top pole tip 
layer PT 2. It is this desirable engine performance that drawing 5 and MR combined head of 
drawing 6 attain. 

[0030] Drawing which looked at the induction head of the conventional technique from ABS to 
drawing 13 is shown. The bottom pole tip layer PT 1 and the top pole tip layer PT 2 which were 
separated by the gap layer G are contained in this induction head. The bottom pole tip layer PT 
1, the gap layer G, and the top pole tip layer PT 2 are used for an induction head, and it performs 
both a read function and a write-in function. Between write-in functions, the coil which is not 
illustrated guides magnetic flux to the bottom pole tip layer PT 1 and the top pole tip layer PT 2, 
and performs write-in actuation. Between read actuation, the bottom pole tip layer PT 1 and the 
top pole tip layers PT 2, and those corresponding pole pieces guide magnetic flux to the same 
coil, and perform read actuation. The off-track engine performance of the induction head of this 
conventional technique is better than the off^-track engine performance of MR combined head of 
the conventional technique shown in drawing 1 4 and drawing 15 . It is because alignment of the 
side attachment wall of the bottom pole tip layer PT 1 and the top pole tip layer PT 2 is carried 
out more vertically soon. However, with the configuration of the conventional technique of an 
induction head, a result to which the bottom pole tip layer PT 1 and the top pole tip layer PT 2 
become broad toward a substrate inevitably is brought. Milling of both the top pole tip layer PT 2 
and the bottom pole tip layer PT 1 is carried out by the downward ion beam between that 
configuration in this sequence. When turning an ion beam just under, the redeposition of most 
amount of the waste by which milling was carried out accumulates on the side attachment wall 
of the pole tip element by which milling is carried out, the top pole tip layer PT 2 carries out 
shadowing of the lower bottom pole tip layer PT 1, and the configuration of the shape of an 
outward taper which was shown in drawin g 13 for this reason is brought about. As contrasted 
with the top pole tip layer PT 2, the broad bottom pole tip layer PT 1 causes the side lighting 
which is not desirable as for some. Furthermore, the ion milling (8 micrometers thru/or 10 
micrometers) of both pole tips takes a long time. 

[0031] Drawing 7 and drawing 8 are drawings showing another example of this invention slightly 
corrected from the example shown in drawing 5 and drawing 6 . The apical pole piece P2 is 
constituted from the top magnetic layer 110 which has the front extension which forms pole tip 
element PT2a, and the bottom magnetic layer 1 1 2 which has the front extension which forms 
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pole tip element PT2b by the example of drawing 7 and drawin g 8 . Pole tip element PT2b has 
the 1st vertical side attachment wall 114 and the 2nd vertical side attachment wall 116, and pole 
tip element PT2a has the 1st vertical side attachment wall 1 18 and the 2nd vertical side 
attachment wall 1 20. So that drawing 8 may show the 1 st side attachment wall 80 of pedestal 
pole tip layer PT1b, the 1st side attachment wall 84 of the gap layer G, the 1st side attachment 
wall 1 14 of pole tip element PT2b ? and the 1st side attachment wall 1 18 of pole tip element PT2a 
Being in the 1st vertical plane 100, respectively, the 2nd side attachment wall 82 of pedestal 
pole tip layer PT1b, the 2nd side attachment wall 86 of the gap layer G, the 2nd side attachment 
wall 1 1 6 of pole tip element PT2b, and the 2nd side attachment wall 1 20 of pole tip element 
PT2a are in the 2nd vertical plane 102. Although pole tip element PT2a is illustrated in the 
condition of having the side attachment wall aligned at right angles to the pole tip element under 
it, when pole tip element PT2b has the die length about 3 times the die length of the gap layer G, 
it is unnecessary in this. It is because the flow of the magnetic flux in the distance beyond the 
die length becomes not much important less. Therefore, breadth in ABS of pole tip element PT2a 
can be made into breadth quite larger than the width of face of pedestal pole tip layer PT1b and 
pole tip element PT2b. Pole tip element PT2a and pole tip element PT2b can consist of two 
separate layers, when asking for it being the ingredient with which pole tip element PT2b differs 
from pole tip element PT2a. For example, pole tip element PT2b can be constituted from an 
ingredient of the high saturation moments, such as the 2nd iron of nitriding, and pole tip element 
PT2a can consist of ingredients of the hyposaturation moments, such as a permalloy. In this 
arrangement, pole tip element PT2b can support the magnetic flux of a large quantity, without 
being saturated. 

[0032] If the approach of a configuration of explaining in the bottom is used, the width of face of 
the pole tip element of the MR combined head 46 can be narrowed to 2 micrometers. This is 
smaller than 4 micrometers which is the usual width of face of the induction head of the 
conventional technique shown in drawing 13 thru/or 5 micrometers. The width of face of 
pedestal pole tip layer PT1b of the width of face of pedestal pole tip layer PT1b of drawing 5 and 
drawing 6 and the top pole tip element PT 2 or drawing 7 , and drawing 8 and pole tip element 
PT2b establishes the width of recording track of the write head part of MR combined head. From 
now on, TPI can be calculated. This TPI is one of the multipliers at the time of obtaining the 
surface density of the write head. 

[0033] Drawing 3 and drawing 4 are drawings which were made into the form of a partial cutting 
plane and in which showing the more perfect example of the write head, in order to show various 
details, in drawing 3 , a part of bottom magnetic layer 112 which is a cover layer is removed, and 
the 2nd insulating layer 12 and the 3rd insulating layer 13 remove — having — a coiled form — 
some conductors 70 are omitted, a coiled form — a conductor 70 is prolonged around the back 
gap BG between the apical pole piece P2 and the bottom pole piece P1. a coiled form — the end 
of a conductor 70 is connected to lead wire 72 with a sign 73, and the other end (not shown) of 
this conductor is connected to lead wire 74. lead wire 72 and 74 — minding — a coiled form — 
the time of the signal current being sent to a conductor 70 — a coiled form — a conductor 70 
guides magnetic flux to the apical pole piece P2 and the bottom pole piece P1. This guides the 
magnetic flux which crosses the pole tip of ABS forward and backward. 

[0034] MR combined head of approach this invention which manufactures MR combined head is 
constituted using the original combination of a known thin film photolithography step and an ion 
beam milling step. Deposition of the magnetic layer which uses photoresist frame plating 
processing, and deposition of the insulating layer by the photoresist and the development are 
included in a photolithography. Ion beam milling is performed within a chamber. The example of 
such internal components of a chamber is shown in drawing 16 . A workpiece (not shown) is 
placed on a turntable 130 and rotates at a fixed rotational frequency. During a revolution, one or 
more ion beams 132 and 134 are turned at a workpiece. As for these ion beams, it is desirable 
that it is argon ion. The ion beam 132 of a primary supply source is vertical facing down by a 
diagram, and since the ion beam 134 of a secondary supply source is vertical by a diagram, it is 
turned to a certain include angle. Since the ion beam milling of this invention is vertical, it is 
attained by the beam turned only to a certain include angle so that it may explain to a detail 
later. A shutter 136 is attached in a pivot type in order to change ON of an ion beam, and OFF 
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about the workpiece on a turntable 1 30 (not shown). 

[0035] The configuration of MR read head 50 part of the MR combined head 46 is common 
knowledge in this technical field. The 1st shielding layer S1, the bottom gap layer G1, MR 
element, the top gap layer G2 f and the 2nd shielding layer S2 are deposited by the thin film 
photolithography processing step. The 2nd shielding layer S2 of the read head is deposited so 
that a back gap may be included from ABS to a back gap, consequently the 2nd shielding layer 
S2 comes to have ABS, a pole tip part between 0 throat level, and a back part between 0 throat 
level and a back gap so that drawin g 5 may show. The bottom pole piece P1 of the write head 52 
constitutes this 2nd shielding layer S2. MR combined head is demarcated with this combination. 
[0036] Discovery of the 2nd of this invention consists of two parts. The pole tip structure of the 
apical pole piece P2 is used for the pole tip structure of the bottom pole piece P1 as a mask for 
carrying out ion beam milling of the pedestal the 1st. An ion beam is turned [ 2nd ] to a certain 
include angle to the side attachment wall of top pole tip structure by either of a single beam with 
an include angle or one pair of single beams with an include angle, the pair of a beam with an 
include angle — desirable — this — sequence — or it can turn by either of the ******. The 
device of every example deposits additional thickness on top pole tip structure. The thickness of 
this addition is reduced by the ion beam milling for forming a pedestal in bottom pole tip 
structure. 

[0037] Since drawing 5 of this invention and the example of drawing 6 are constituted, various 
examples for turning an ion beam are shown in drawing 17 thru/or drawing 23 . In this example, it 
is used as a mask for the top pole tip element PT 2 to constitute bottom pole tip structure. The 
same approach should be used for the configuration of drawing 7 of this invention, and the 
example of drawing 8 . In this example, only pole tip element PT 2b can be used as a mask for 
forming bottom pole tip structure for pole tip element PT2b and pole tip element PT2a. 
[0038] In order to form bottom pole tip structure in drawing 17 , drawing 18 , and drawin g 19 , 
the activity of the ion beam of two different include angles by which a sequential activity is 
carried out is shown. The top pole tip element PT 2 which consisted of conditions of having 
expected reduction of the thickness in ion beam milling, and having the thickness of an excess is 
shown in drawing 1 7 . Thickness of the beginning of the layer of the top pole tip element PT 2 
can be set to about 7 micrometers including the thickness of an about 2-micrometer excess. 
Although the top pole tip element PT 2 is formed with the 1st side attachment wall 88 and the 
2nd side attachment wall 90, the processing for forming the top pole tip element PT 2 is 
explained to a detail later. In drawing 1 7 , the ion beam is turned to the include angle of 30 
degrees to the side attachment wall of the top pole tip element PT 2. Although the ion beam is 
turned only to the 2nd side attachment wall 90 of the top pole tip element PT 2 by a diagram, as 
explained in the top, it is turned to both the 1st side attachment wall 88 of the top pole tip 
element PT 2, and the 2nd side attachment wall 90 for the revolution of the workpiece on a 
turntable 130. The gap layer G deposits on P1-/S two-layer, and the top pole tip element PT 2 
accumulates on the gap layer G. As stated in the top, when turning an ion beam downward 
[ vertical ], the ingredient (waste) with which most amount was cut carries out redeposition to 
the side attachment wall of the element by which milling is carried out. Although a remarkable 
cut occurs by making a beam into the include angle of 30 degrees to the side attachment wall of 
the top pole tip element PT 2 as shown in drawing 1 7 , this beam also performs clearance of a 
certain amount of waste during cut actuation. Although 30 degrees is a desirable include angle in 
the case of 2 include— angle examples, this include angle can be made into the range of 20 to 40 
degrees. Initiation of cut actuation is shown in drawing 17 , and the final result of cut actuation is 
shown in drawing 1 8 at it. Between this cut actuation, the top pole tip element PT 2 works as a 
mask for cutting pedestal pole tip layer PT1b into the 2nd shielding layer S2. As shown in 
drawin gjj? , 75-degree ion beam is used after 30-degree ion beam, and the redeposition left 
behind from 30-degree actuation is removed. Although 75-degree ion beam is desirable to 
clearance of redeposition, this can be made into the range from 65 degrees to 85 degrees to the 
side attachment wall of the top pole tip element PT 2. During cut actuation, 2 etc. micrometers 
of thickness of the top pole tip element PT 2 etc. should care about that only the added 
additional thickness (refer to drawing 1 7 ) is reduced. A surprising result is that the side 
attachment wall of pedestal pole tip layer PT1b is aligned with the side attachment wall of the 
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top pole tip element PT 2 after this milling. Pedestal pole tip layer PT1b was formed by preparing 
notching in the 2nd shielding layer S2 with signs 78 and 79. Ion milling of the gap layer G can be 
carried out by the beam (30 degrees and 75 degrees), or [ instead ] it can carry out chemical 
etching to the width of face before ion beam milling. 

[0039] Drawing 20 and drawing 21 are drawings similar to the example of drawing 17 , drawing 
18 , and drawing 19 except for the point of turning 30-degree beam and 75-degree beam 
simultaneously, and performing cut actuation and clearance actuation showing the example of ion 
beam milling. 

[0040] Drawing 22 and drawing 23 are drawings which use a single ion beam for both the cut for 
demarcating pedestal pole tip layer PT1b, and clearance and in which showing the example of ion 
beam milling. The 2 include-angle beam technique in which it explained above is more desirable 
than a single beam. However, a satisfactory result can be obtained using this single beam. 
Although the include angle with a desirable single beam is 55 degrees, this include angle can be 
changed from 45 degrees to 65 degrees as permissible range. 

[0041] Drawing 24 thru/or drawing 28 are drawings showing the detail of the addition at the time 
of constituting drawing 5 of this invention, and the pole tip element of the example of drawing 6 . 
In drawin g 24 , the apical pole piece P2 and its top pole tip element PT 2 are galvanized using a 
photoresist frame. By this plating actuation, the outside of a frame is also galvanized and this is 
called the P2 field. In drawing 25 , the photoresist frame is removed and the top pole tip element 
PT 2 which has the P2 field on both sides is left behind. In drawing 25 , it turns out that G 
accumulated on theP1/S two-layer of gap layers, and the top pole tip element PT 2 accumulated 
on the gap layer G. In frame plating processing, the top pole tip element PT 2 consists of 
conditions of having the 1 st vertical side attachment wall 88 and the 2nd vertical side 
attachment wall 90 as what was originally equipped. In drawing 26 , the P2 field is removed and 
the photoresist mask which has opening or the aperture 140 which exposes the top pole tip 
element PT 2 is placed on the apical pole piece P2. This resist aperture is clearly shown by 
drawing 27 . Then, as are stated in the top, and one or more ion beams are turned through this 
resist aperture and it is shown in drawing 28 , notching is prepared in P1-/S two-layer, and 
pedestal pole tip layer PT1b is brought about. 

[0042] Drawing 29 thru/or drawing 33 are drawings showing the processing step for making 
drawing 7 of this invention, and the pole tip structure of the example of drawing 8 . These steps 
are the same as the step the apical pole piece P2 explained two-layer to be about drawing 24 
thru/or drawing 28 except for the point constituted by using, in order to bring about two pole tip 
element PT2a and PT2bs, as shown in drawing 30 . After ion beam milling, as shown in drawing 
33 , pedestal pole tip layer PT1b is formed, and pole tip element PT2a and PT2b are contained in 
top pole tip structure. As stated in the top, pole tip element PT2b can be used as a different 
ingredient from pole tip element PT2a. Drawing 34 is drawing showing the example of an addition 
in case a magnetic layer is placed on the 2nd shielding layer S2 before ion beam milling. In this 
case, two pedestal pole tip elements, i.e., pedestal pole tip layer PT1b, and PT1c should be 
contained in bottom pole tip structure. Too, pedestal pole tip layer PT1c can be used as a 
different ingredient from pedestal pole tip layer PT1b. Pole tip element PT2b and pedestal pole 
tip layer PT1c can be constituted from an ingredient (4pims) of the high saturation moments, 
such as the 2nd iron of nitriding, and the ingredient of pedestal pole tip layer PT1b and pole tip 
element PT2a can be used as the ingredient of the hyposaturation moments, such as a 
permalloy. If a high saturation ingredient is used, it can let it pass, without saturating the 
magnetic flux of a large quantity through the pole tip nearest to the gap layer G. 
[0043] In the approach of manufacturing this MR combined head, the 2nd shielding layer S2 so 
that it may have ABS, a pole tip part between 0 throat level, and 0 throat level and the back part 
between back gaps The step which deposits the 2nd shielding layer S2 of the read head from 
ABS to a back gap including a back gap (refer to drawing 5 and drawing 6 ), In order to form the 
apical pole piece P2 which has the top pole tip element PT 2 on the step (refer to drawing 5 and 
drawing 6 ) which deposits the gap layer G on the 2nd shielding layer S2 from ABS to 0 throat 
level, and the gap layer G The step which deposits a magnetic layer on the gap layer G and the 
2nd shielding layer S2 (refer to drawing 24 and drawing 25 ), The top pole tip element PT 2 is 
used as a mask for preparing at least one ion beam in signs 78 and 79 on both sides of the top 
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pcrie tip element PT 2, and preparing notching in S two-layer. The step substantially turned to 
the pole tip part of the 2nd shielding layer S2 with the parallel sense at a certain include angle at 
ABS to the 1 st side attachment wall 88 and the 2nd side attachment wall 90 of the top pole tip 
element PT 2 is contained. It leaves the 2nd shielding layer S2 in which notching has a pedestal, 
and a pedestal is pedestal pole tip layer PTIb. The 2nd shielding layer S2 between ABS and 0 
throat level except pedestal pole tip layer PT1b is pole tip element PT1a (refer to drawing 17 
thru/or drawing 1 9 ). The 1st side attachment wall 80 of pedestal pole tip layer PT1b and the 1st 
side attachment wall 88 of the top pole tip element PT 2 are aligned in the 1 st vertical plane 
100. The 2nd side attachment wall 82 of pedestal pole tip layer PT1b and the 2nd side 
attachment wall 90 of the top pole tip element PT 2 are aligned in the 2nd vertical plane 102. 
What is mutually isolated by ABS so that the 1st vertical plane 100 and the 2nd vertical plane 
102 may demarcate width-of-recording-track w of MR combined head (refer to drawing 6 ) 
becomes clear simply. The 1 st and 2nd ion beams can be included in the step which turns at 
least one ion beam, the 1st ion beam can be made into the include angle theta within the limits 
of 0 degree < theta< 60 degrees, and the 2nd ion beam can be made into the include angle theta 
within the limits of 60 degrees <= theta<=85 degrees. It has the thickness which demarcates die- 
length g of the range from 0.1 micrometers to 0.7 micrometers to the step which deposits the 
gap layer G f and the step which prepares the gap layer whose die length of pedestal pole tip 
layer PT1b in ABS is the range from 0.5g to 3.0g can be included in it. The step which prepares 
pedestal pole tip layer PT1b which has die length of about 0.7 micrometers for the 2nd shielding 
layer S2 by notching and this can be included in the step which turns at least one ion beam with 
signs 78 and 79 so that it may become the depth each notching of whose is about 0.7 
micrometers. The step which decreases the layer thickness of the top pole tip element PT 2 by 
about 2 micrometers is contained in the step which turns at least one ion beam. 
[0044] If the above-mentioned discovery is used, it will become clear simply that it enables MR 
combined head to have the pole tip whose bottom pole tip element is a pedestal, where a gap 
layer is adjoined and which was aligned vertically about the 2nd shielding layer S2 of the merge 
MR read head. Minimization of the side lighting between the pole tips is optimized by vertical- 
position setting this side attachment walk 

[0045] Clearly, if it is this contractor, other examples of this invention and correction will be 
visualized simply. Therefore, this invention should be restricted by only the claim and such an 
example and correction when watching with the above-mentioned description and an 
accompanying drawing are included in this. 

[0046] As a conclusion, the following matters are indicated about the configuration of this 
invention. 

[0047] (1) Said bottom pole piece P1 has bottom pole tip element PT1a and top pole tip element 
PT1b including the write head which has the bottom pole piece P1 and the apical pole piece P2. 
It is characterized by said apical pole piece P2 having the pole tip element PT 2, and MR read 
head which has the 2nd shielding layer S2 containing said bottom pole piece and its pole tip 
element PT1a is included. Said top pole tip element PT1b is characterized by forming a pedestal 
about the 2nd shielding layer S2. Said top pole tip element PTIb and said pole tip element PT 2, 
respectively It has the 1st and 2nd side attachment walls. Said top pole tip element PT1b and 
each 1st side attachment wall of PT2 It is in the 1st vertical plane in common. Each 2nd side 
attachment wall of said top pole tip element PT1b and said pole tip element PT 2 MR combined 
head to which it is characterized by being in the 2nd vertical plane in common, and said 1st and 
2nd vertical planes are characterized by isolating mutually only the distance w showing the write 
head width of recording track, and placing it in an air bearing side (ABS). 

(2) The magnetic-disk driving gear including the support means attached in housing which 
contains the slider for supporting MR combined head in a conversion relation about a magnetic 
disk when rotating with housing, the means for rotating a magnetic disk attached in housing, and 
a means for a magnetic disk to rotate and which contains MR combined head of a publication in 
the above (1). 

(3) said 2nd shielding layer S2 — said bottom pole tip element PT1a — in addition, MR combined 
head given in the above (1) characterized by including said top pole tip element PT1b. 

(4) MR combined head given in the above (1) characterized by for this gap layer G having the 1st 
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and 2nd side attachment walls, placing the 1st side attachment wall of said gap layer G into said 
1st vertical plane including the gap layer G placed between said top pole tip element PTIb and 
said pole tip element PT 2, and placing the 2nd side attachment wall of said gap layer G into said 
2nd vertical plane. 

(5) MR combined head given in the above (1) characterized by said pole tip element PT 2 being a 
monolayer. 

(6) MR combined head given in the above (1) said whose pole tip element PT 2 is characterized 
by being the separate layer of said pole tip element PT2a and PT2b including pole tip element 
PT2a and PT2b, respectively. 

Said MR read head adds to said 2nd shielding layer S2. (7) The 1st shielding layer S1, MR 
combined head given in the above (1) characterized by including MR component pinched between 
the 1st gap layer G1 and the 2nd gap layer G2 which were pinched between this 1st shielding 
layer S1 and said 2nd shielding layer S2, and said 1st gap layer G1 and said 2nd gap layer G2. 

(8) MR combined head given in the above (1) characterized by the distance between said 1st 
vertical plane and said 2nd vertical plane being less than 5 micrometers. 

(9) MR combined head given in the above (1) whose die length of said top pole tip element PT1b 
in said ABS the die length of the gap G in said ABS is g, and is characterized by being in within 
the limits from 0.5g to 3.0g. 

(10) MR combined head given in the above (9) said whose 2nd shielding layer S2 is characterized 
by including said top pole tip element PT1b in addition to said bottom pole tip element PT1a. 

(11) The magnetic-disk driving gear including the support means attached in housing which 
contains the slider for supporting MR combined head in a conversion relation about a magnetic 
disk when rotating with housing, the means for rotating a magnetic disk attached in housing, and 
a means for a magnetic disk to rotate and which contains MR combined head of a publication in 
the above (10). 

(12) MR combined head given in the above (10) on which this gap layer G has the 1st and 2nd 
side attachment walls, the 1st side attachment wall of said gap layer G is placed into said 1st 
vertical plane including the gap layer G placed between said top pole tip element PT1b and said 
pole tip element PT 2, and the 2nd side attachment wall of said gap layer G is put into said 2nd 
vertical plane. 

Said MR read head adds to said 2nd shielding layer S2. (13) The 1st shielding layer S1, MR 
combined head given in the above (12) characterized by including MR component pinched 
between the 1st gap layer G1 and the 2nd gap layer G2 which were pinched between this 1st 
shielding layer S1 and said 2nd shielding layer S2, and said 1st gap layer G1 and said 2nd gap 
layer G2. 

(14) MR combined head given in the above (13) whose die length of the pole tip element in said 
ABS die-length g of said gap G is in within the limits from 0.1 micrometers to 0.7 micrometers, 
and is characterized by being 2.0g substantially. 

(15) MR combined head given in the above (14) characterized by said pole tip element PT 2 
being a monolayer. 

(16) MR combined head given in the above (14) said whose pole tip element PT 2 is 
characterized by being the separate layer of said pole tip element PT2a and PT2b including pole 
tip element PT2a and PT2b, respectively. 

The write head which has the bottom pole piece P1 and the apical pole piece P2 is included. (17) 
Said bottom pole piece P1 It has bottom pole tip element PT1a and top pole tip element PT1b. 
Said apical pole piece P2 It is characterized by having the pole tip element PT 2 and said bottom 
pole tip element PT1 a having width of face larger than the width of face of said top pole tip 
element PT1b. MR read head which has the 2nd shielding layer S2 containing said bottom pole 
piece containing said bottom pole tip element PTIajs included. Said top pole tip element PT1b is 
characterized by being a pedestal about said 2nd shielding layer S2. Said top pole tip element 
PT1b has a top thin film side, the 1st side attachment wall, the 2nd side attachment wall, and a 
front wall. A front wall forms a part of air bearing side (ABS). A top thin film side It is 
characterized by being surrounded with a front wall, the 1st side attachment wall, and the 2nd 
side attachment wall. Said pole tip element PT 2 It has a top thin film side, a bottom thin film 
side, a front wall, the 1st side attachment wall, and the 2nd side attachment wall. A front wall A 
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part of ABS is formed and a top thin film side and a bottom thin film side are characterized by 
being surrounded with a front wall, the 1 st side attachment wall, and the 2nd side attachment 
wall. Be caught between the top thin film side of said top pole tip element PT1 b, and the bottom 
thin film side of said pole tip element PT 2. Have a top thin film side, a bottom thin film side, and 
a front wall, and a front wall forms said a part of ABS. A top thin film side and a bottom thin film 
side are surrounded with a front wall, the 1st side attachment wall, and the 2nd side attachment 
wall. The gap layer G is included. Each 1st side attachment wall of said top pole tip element 
PT1b, said gap layer G, and said pole tip element PT 2 It is continuing in the 1st vertical plane. 
Each 2nd side attachment wall of said top pole tip element PT1b, said gap layer G, and said pole 
tip element PT 2 MR combined head which is characterized by continuing in the 2nd vertical 
plane, and is characterized by only the distance w of said 1 st vertical plane and said 2nd vertical 
plane which it is vertical and is the width of recording track of said write head in the location of 
said ABS being mutually separated to said ABS, respectively. 

Said bottom pole tip element PT1a and said top pole tip element PT1b (18), respectively Are a 
separate magnetic layer and said pole tip element PT 2 contains top pole tip element PT2a and 
bottom pole tip element PT2b. MR combined head given in the above (17) whose ingredient of 
said top pole tip element PT1b and said bottom pole tip element PT2b is characterized by having 
the saturation of the moment higher than the ingredient of said bottom pole tip element PT1a 
and said top pole tip element PT2a. 

(19) MR combined head given in the above (17) characterized by for the die length of the gap G 
in said ABS being g, and the die length of said top pole tip element PT1b in said ABS being 2.0g 
substantially. 

(20) MR combined head given in the above (19) whose die-length g of said gap G is 
characterized by being in within the limits from 0.1 micrometers to 0.7 micrometers. 

(21) said 2nd shielding layer S2 — said bottom pole tip element PTIa — in addition, MR 
combined head given in the above (20) characterized by including said top pole tip element PT1b. 

Said MR read head adds to said 2nd shielding layer S2. (22) The 1st shielding layer S1, MR 
combined head given in the above (21) characterized by including MR component pinched 
between the 1st gap layer G1 and the 2nd gap layer G2 which were pinched between this 1st 
shielding layer S1 and said 2nd shielding layer S2, and said 1st gap layer G1 and said 2nd gap 
layer G2. 

(23) The magnetic-disk driving gear including the support means attached in housing which 
contains the slider for supporting MR combined head in a conversion relation about a magnetic 
disk when rotating with housing, the means for rotating a magnetic disk attached in housing, and 
a means for a magnetic disk to rotate and which contains MR combined head of a publication in 
the above (22). 

(24) MR combined head given in the above (22) said whose pole tip element PT 2 is 
characterized by being the separate layer of said pole tip element PT2a and PT2b including pole 
tip element PT2a and PT2b, respectively. 

(25) Pole tip element PT1a in which pole tip element PT1b and each of PT2 have the 1st side 
attachment wall and the 2nd side attachment wall, PT1b, and PT2, MR read head containing the 
2nd shielding layer S2 containing said pole tip element PT1a is included. Said pole tip element 
PT1b is characterized by being a pedestal about said 2nd shielding layer S2. Said pole tip 
element PT1b and each 1st side attachment wall of PT2 are aligned in the 1st vertical plane. 
Said pole tip element PT1b and each 2nd side attachment wall of PT2 are characterized by 
aligning in the 2nd vertical plane. Said 1st and 2nd vertical planes by ABS MR combined head 
characterized by isolating mutually only the distance w which demarcates the width of recording 
track of MR combined head, and placing it. 

(26) said 2nd shielding layer S2 — said pole tip element PT1a — in addition, MR combined head 
given in the above (25) characterized by said pole tip element PT 2 being a monolayer including 
said pole tip element PT1b. 

(27) MR combined head given in the above (26) characterized by for the die length of the gap G 
in said ABS being g, for die-length g of this gap G being in within the limits from 0.1 micrometers 
to 0.7 micrometers, and the die length of said pole tip element PT1b in said ABS being in within 
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the limits from 0.5g to 3.0g. 

(28) The bottom pole piece P1 which has the pole tip part which is not demarcated [ which is 
prolonged between an air bearing side (ABS) and 0 throat level ] t is prolonged from said ABS to a 
back gap, and contains this back gap, The step which deposits at least one magnetic layer in 
order to form the 2nd shielding layer S2 of an MR head. The apical pole piece P2 formed with the 
demarcated pole tip element PT 2 which is prolonged between said ABS and said 0 throat level, 
and has the 1 st and 2nd vertical side attachment walls Said back gap is included. From said ABS 
to said back gap The step which deposits another magnetic layer in order to form on said bottom 
pole piece PI, Pole tip element PT1b which has the 1st and 2nd vertical side attachment walls 
which are a pedestal and are aligned to said 1st [ the ] of said pole tip element PT 2, and the 
2nd vertical side attachment wall about said bottom pole piece P1, respectively, Since said 
bottom pole piece P1 is vertically cut on each side face of said pole tip element PT 2 in order to 
form the bottom pole piece P1 in pole tip element PT1a, and it lacks, As opposed to the side 
attachment wall of said pole tip element PT 2 which used said demarcated pole tip element PT 2 
as a mask, and was demarcated at an include angle theta How to manufacture MR combined 
head which has the crowning and pars basilaris ossis occipitalis containing the step which turns 
at least one ion beam to the pole tip part said whose bottom pole piece P1 is not demarcated 
which are selectively surrounded by the air bearing side (ABS). 

(29) The step which deposits a photoresist mask on said apical pole piece P2 before the step 
which turns at least one ion beam to the pole tip part said whose bottom pole piece P1 is not 
demarcated, So that it can work as a mask for the step which turns at least one ion beam to the 
pole tip part said whose demarcated pole tip element PT 2 is not demarcated [ of said bottom 
pole piece P1 ] An approach given in the above (28) containing said demarcated pole tip element 
PT 2 and the step which prepares opening which exposes the area on each of that side face in 
said photoresist mask. 

(30) The step which deposits the gap layer G on said at least one magnetic layer before the step 
which deposits said another magnetic layer since the pole tip part said whose bottom pole piece 
PI is not demarcated is covered is included. Before the step which turns said at least one ion 
beam turns an ion beam to the pole tip part said whose bottom pole piece P1 is not demarcated 
It is characterized by including the step which turns an ion beam to the gap layer G. An approach 
given in the above (28) to which the step which turns said at least one ion beam is characterized 
by preparing the pole tip element PT1b, 1st [ of PT2 ], and 2nd vertical side-attachment-walls, 
1st [ which are aligned, respectively ], and 2nd vertical side attachment walls in said gap layer G. 

(31) The step which deposits the gap layer G on said at least one magnetic layer before the step 
which deposits said another magnetic layer since the pole tip part said whose bottom pole piece 
P1 is not demarcated is covered is included. The step which deposits said gap layer G is 
characterized by bringing about the gap layer which has thickness g of within the limits from 0.1 
micrometers to 0.7 micrometers by ABS. An approach given in the above (28) whose die length 
of said pole tip element PT1b in said ABS is characterized by being 2.0g substantially. 

(32) An approach given in the above (28) whose step which turns said at least one ion beam is 
characterized by consisting of turning a single ion beam at the single include angle theta. 

(33) An approach given in the above (28) characterized by for the 1st ion beam being the include 
angle theta within the limits of 0 degree < theta< 60 degrees, and the 2nd ion beam being the 
include angle theta within the limits of 60 degrees < theta< 85 degrees including the step to 
which the step which turns said at least one ion beam turns the 1 st and 2nd ion beams. 

(34) An approach given in the above (33) said whose 1 st ion beam is characterized by being the 
include angle theta within the limits of 20 degrees < theta< 40 degrees. 

(35) An approach given in the above (34) characterized by for said 1 st ion beam being 30 
degrees in include angle theta substantially, and said 2nd ion beam being the include angle theta 
of 75 degrees substantially. 

(36) An approach given in the above (28) characterized by to be included the step which 
deposits the pole tip layer PT 2 which has the additional thickness whose step on which the step 
which turns said at least one ion beam decreases the thickness of the pole tip layer PT 2, and 
deposits said pole tip element PT 2 is reduction of the thickness of said pole tip element PT 2 
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caused by the step which turns said at least one ion beam. 

(37) An approach given in the above (36) containing the step which leaves the aperture in which 
said demarcated pole tip element PT 2 and the area on each of that side face are exposed in the 
mask between said ABS and 0 throat level, and deposits a mask between 0 throat level and a 
back gap substantially on said apical pole piece P two-layer before the step which turns said at 
least one ion beam. 

(38) An approach given in the above (37) which the step which turns said at least one ion beam 
consists of turning a single ion beam at the single include angle theta, and is characterized by 
said include angle theta being within the limits of 0 degree < theta< 60 degrees. 

(39) An approach given in the above (37) characterized by for the 1st ion beam being the include 
angle theta within the limits of 20 degrees < theta< 40 degrees, and the 2nd ion beam being the 
include angle theta within the limits of 65 degrees < theta< 85 degrees including the step to 
which the step which turns said at least one ion beam turns the 1 st and 2nd ion beams. 

(40) An approach given in the above (39) characterized by for said 1st ion beam being 30 
degrees in include angle theta substantially, and said 2nd ion beam being the include angle theta 
of 75 degrees substantially. 

(41) The step which deposits the gap layer G on said at least one magnetic layer before the step 
which deposits said another magnetic layer since the pole tip part said whose bottom pole piece 
P1 is not demarcated is covered is included. An approach given in the above (40) whose die 
length of pole tip element PT1b in said ABS the step which deposits this gap layer G is 
characterized by bringing about the layer thickness which brings die-length g in said ABS to a 
gap G, and is characterized by being 2.0g substantially. 

(42) An approach given in the above (41) said whose 1st and 2nd ion beams are characterized by 
being turned simultaneously. 

(43) An approach given in the above (41) said whose 1st and 2nd ion beams are characterized by 
being turned one by one. 

(44) The step at which the step which turns said at least one ion beam places said bottom pole 
piece P1 which deposited many layers on it into an ion beam milling chamber, An approach given 
in the above (43) characterized by including the step which rotates many layers deposited said 
bottom pole piece PI and on it at a fixed rotational frequency while having turned the ion beam 
to many layers deposited said bottom pole piece PI and on it. 

(45) The step which deposits said gap layer G contains in said gap layer G the step which brings 
about die-length g of within the limits from 0.1 micrometers to 0.7 micrometers. The step on 
which the step which deposits said another magnetic layer deposits said pole tip element PT 2 
which has the layer thickness of about 7 micrometers is included. So that the step which turns 
said at least one ion beam may become the depth each notching of whose is about 0.7 
micrometers and said pedestal may have height of about 0.7 micrometers An approach given in 
the above (44) whose step which turns said at least one ion beam to said bottom pole piece P1 
including the step which prepares notching is characterized by decreasing the thickness of said 
pole tip element PT 2 by about 2 micrometers. 

(46) In the approach of manufacturing MR combined head containing MR read head and the write 
head this MR read head — the 1st and the 2nd shielding layer S1 and S2 — this — the 1st 
inserted between the 1st and 2nd shielding layers S1 and S2, and the 2nd gap layer G1 and G2 - 
- and It has MR component pinched between the 1st and 2nd gap layers G1 and G2. this — Said 
write head is prolonged from an air bearing side (ABS) to a back gap. The bottom pole piece P1 
and the apical pole piece P2 containing this back gap are included. This bottom pole piece P1 
Constitute the 2nd shielding layer S2 and it has pole tip element PT1a and PT1b to which said 
bottom pole piece PI extends between said ABS and 0 throat level. Said apical pole piece P2 
has the pole tip element PT 2 prolonged between said ABS and said 0 throat level. Said pole tip 
element PT1b is a pedestal about said 2nd shielding layer S2, said bottom pole piece P1 t and 
said pole tip element PTIa. Said 2nd shielding layer S2 contains said pole tip element PT1a and 
PTIb. The gap layer G should be caught between said pole tip element PT1a and PT2. Said pole 
tip element PT 2, said gap layer G, and said pole tip element PT1b f respectively It has the 1st 
and 2nd vertical side attachment walls. Said pole tip element PT 2, said gap layer G, and the 1st 
perpendicular side attachment wall of said pole tip element PT1b It is continuing in the 1st 



http://www4.ipdl jpo.go.jp/cgi-bin/tran_web^cgi_ejje 



2004/06/18 



16/17 s<— v 



vertical plane. Said pole tip element PT 2, said gap layer G, and the 2nd perpendicular side 
attachment wall of said pole tip element PTIb Are continuing in the 2nd vertical plane and said 
1st and 2nd vertical planes are vertical to said ABS. the distance w which demarcates the width 
of recording track of MR combined head — ABS — mutual — being isolated — **** — (1) — 
with said 2nd shielding layer S2 of said MR read head (2) in order to form said bottom pole piece 
P1 which has the pole tip part it is not demarcated between [ whose ] said ABS and 0 throat 
level, and a back part between said 0 throat level and back gaps Said back gap is included. From 
said ABS to said back gap From the step which deposits the 1st magnetic layer, and said ABS to 
said 0 throat level In order to form said apical pole piece P2 which has said demarcated pole tip 
element PT 2 which has the step which deposits the gap layer G on said 1 st magnetic layer, and 
said 1 st and 2nd vertical side attachment walls, The step which deposits the 2nd magnetic layer 
on said gap layer G on said 1 st magnetic layer. Use said pole tip element PT 2 for said 1 st 
magnetic layer as a mask for preparing notching on each side face of said pole tip element PT 2, 
and by said 1st magnetic layer in an area with the pole tip part said whose bottom pole piece P1 
is not demarcated It is substantially parallel to said ABS, and the step which turns at least one 
ion beam in the include-angle theta direction to the 1 st and 2nd side attachment walls of said 
pole tip element PT 2 is included. By said notching Said 1st magnetic layer which has a vertical 
pedestal is left behind. Said vertical pedestal Are said pole tip element PT1b, and the 1st and 
2nd vertical side attachment walls are brought to said pole tip element PT1b. The magnetic layer 
except said pedestal between said ABS and said 0 throat level Said pole tip element PT1a is 
included. Said pole tip element PT1b and the 1st perpendicular side attachment wall of PT2 It 
aligns in the 1st vertical plane. Said pole tip PT1b and the 2nd side attachment wall of PT2 Said 
approach characterized by being mutually isolated by said ABS in order that it aligns in the 2nd 
vertical plane, and said 1st and 2nd vertical planes may be vertical and may demarcate width-of^ 
recording-track w of MR combined head to said ABS. 

(47) The step which turns said at least one ion beam The step which turns an ion beam to said 
gap layer G before turning an ion beam to a non-demarcated pole tip part is included An 
approach given in the above (46) whose step which turns said at least one ion beam is 
characterized by bringing the 1st and 2nd side attachment walls aligned by said pole tip element 
PT1b, the 1st of PT2, and the 2nd vertical side attachment wall, respectively to said gap layer G. 

(48) An approach given in the above (46) characterized by for said 1st ion beam being the 
include angle theta within the limits of 20 degrees < theta< 40 degrees, and said 2nd ion beam 
being the include angle theta within the limits of 65 degrees < theta< 85 degrees including the 
step to which the step which turns said at least one ion beam turns the 1st and 2nd ion beams. 

(49) The step which turns said 1 st and 2nd ion beams The step which deposits a magnetic layer 
in order to decrease the thickness of said pole tip element PT 2 and to form said pole tip 
element PT 2 It is characterized by including the step which deposits said pole tip element PT 2 
which has the additional thickness which is reduction of the thickness of said pole tip element 
PT 2 caused by the step which turns said at least one ion beam. It leaves the aperture which 
exposes the area on said demarcated pole tip element PT 2 and each of its side face before the 
step which turns said 1 st and 2nd ion beams in the mask between said ABS and said 0 throat 
level. An approach given in the above (48) containing the step which deposits a mask between 
said 0 throat level and back gaps substantially on said apical pole piece P2. 

(50) An approach given in the above (49) whose die length of said pole tip element PT1b in said 
ABS the step which deposits said gap layer G is characterized by bringing about the layer 
thickness which brings die-length g in said ABS to said gap G, and is characterized by being in 
within the limits from 0.5g to 3.0g. 

(51) An approach given in the above (50) characterized by for said 1st ion beam being about 30 
degrees in include angle theta, and said 2nd ion beam being the include angle theta of about 75 
degrees. 

(52) The step on which the step which deposits said gap layer G deposits the gap layer G which 
has thickness g of within the limits from 0.1 micrometers to 0.7 micrometers is included. The 
step on which the step which deposits said pole tip element PT 2 deposits said pole tip element 
PT 2 which has the layer thickness of about 7 micrometers is included. Notching which has the 
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depth whose step which turns said 1st and 2nd ion beams is a depth of about 0.7 micrometers is 
prepared in said 1st magnetic layer. By this An approach given in the above (51) whose step 
which turns said 1st and 2nd ion beams is characterized by decreasing the layer thickness of 
said pole tip element PT 2 by about 2 micrometers including the step which prepares the 
pedestal which has height of about 0.7 micrometers. 

(53) The step at which the step which turns said 1st and 2nd ion beams places the 1st magnetic 
layer which deposited many layers on it into an ion beam milling chamber, An approach given in 
the above (52) characterized by including the step which rotates many layers deposited said 1st 
magnetic layer and on it at a fixed rotational frequency while having turned the ion beam to many 
layers deposited said 1st magnetic layer and on it. 

(54) An approach given in the above (53) said whose 1st and 2nd ion beams are characterized by 
being turned simultaneously. 

(55) An approach given in the above (53) said whose 1st and 2nd ion beams are characterized by 
being turned one by one. 

[0048] 

[Effect of the Invention] The thin film magnetic head which has the pole tip aligned vertically [ in 
order to minimize (1) side lighting ] by operation of this invention is offered. (2) The thin film MR 
combined head which had the off-track engine performance improved is offered. (3) MR 
combined head which has the 2nd shielding layer S2 which works as shielding of the magnetic- 
reluctance element in it, and works also as the pole tip of the write head which has the good off- 
track engine performance is offered. (4) Have the pedestal of height with the small 2nd shielding 
layer S2, and this pedestal works as pole tip layer PT1b. MR combined head which is 
characterized by the S two-layer under it working as pole tip element PT1a of the bottom pole 
piece P1 of the write head, and is characterized by aligning the side attachment wall of pole tip 
layer PT1b at right angles to the side attachment wall of the top pole tip element PT 2 can be 
offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram which is not the actual size of the disk driving gear which 
uses the thin film MR combined head of this invention. 

[Drawing 2] It is the schematic diagram of the critical part of the pole tip of the thin film write 
head positioned on the truck on a magnetic disk. 

[Drawing 3] It is isometric drawing of the thin film MR head which has the layer of the write head 
attached on many layers of MR read head. 

[D rawing 4] It is the top-face schematic diagram of the write head of dr aw ing 3 . 

[Drawing 5] It is the side elevation of one example of the thin film MR combined head of this 

invention. 

[Drawing 6] It is drawing of ABS in alignment with flat-surface VI-VI of drawing 5 . 

[Drawing 7] It is the side elevation of another example of the thin film MR combined head of this 

invention. 

[Drawing 8] It is drawing of ABS of the head shown in drawing 7 in alignment with flat-surface 

viii-vm. 

[Drawing 9] It is the graph which shows the side lighting of MR combined head made according 
to this invention. 

[Drawing 10] It is the graph which shows the side lighting of MR combined head made according 
to this invention. 

[Drawing 11] It is the graph which shows the side lighting of MR combined head made according 
to this invention. 

[Drawing 12] It is the graph which shows the side lighting of MR combined head made according 
to this invention. 

[Drawing 13] It is drawing showing ABS of the induction head of the conventional technique. 
[Drawing 14] It is drawing showing ABS of the thin film MR combined head of the conventional 
technique. 

[Drawing 15] It is the side elevation of the thin film MR combined head of the conventional 
technique shown in drawing 14 . 

[Drawing 16] It is the schematic diagram of the ion beam chamber of an example. 

[Drawing 17] It is drawing which looked at the ion milling started at a certain include angle to the 

side attachment wall of the top pole tip element PT 2 from the ABS side. 

[Drawing 1 8] In order to form pedestal pole tip layer PT1b f P1-/S two-layer is the same drawing 
as drawing 17 except for being in the end of the ion milling step cut and lacked. 
[Drawing 19] In order to remove the redeposition of the waste under cut actuation of drawing 17 
and drawing 18 , except for the point that ion milling has a deeper include angle to the side 
attachment wall of the top pole tip element PT 2, it is the same drawing as drawing 1 8 . 
[Drawing 20] As shown in processing of drawing 17 thru/or drawing 19 , the ion beam for a cut 
and the ion beam for clearance are the same drawings as drawing 17 except for the point which 
is not turned one by one but is turned simultaneously. 

[ Drawing 21] Except for the point which notching for forming pedestal pole tip layer PTIb has 
completed, it is the same drawing as drawing 20 . 

[Drawing 22] Except for the point that the single ion beam of a deep include angle is used for 
both a cut and clearance, it is the same drawing as drawing 17 . 
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[ Drawin g 23] Except for the point which the cut and clearance actuation for forming pedestal 
pole tip layer PT1b have completed, it is the same drawing as drawing 22 . 
[Drawing 24 ] It is the top-face schematic diagram of the step for forming the top pole tip 
element PT 2 which has a vertical side attachment wall. 

[Drawing 25] It is drawing which looked at the structure of drawing 24 in the condition that the 
photoresist frame was removed, from the ABS side. 

[Drawing 26] The top pole tip element PT 2 is kept exposed, and it is the plan of the apical pole 
piece P2 by which the mask was carried out. 

[Drawing 27 ] It is drawing showing the resist aperture or opening on the top pole tip element PT 
2 for turning one or more ion beams there at a certain include angle which looked at the 
structure shown in drawing 26 from the ABS side. 

[Drawing 28] It is drawing showing the pole tip structure of a result after performing ion beam 
milling at a certain include angle to the side attachment wall of the top pole tip element PT 2, 
therefore forming pedestal pole tip layer PT1b. 
[Drawing 29] It is the same drawing as drawing 24 . 
[Drawing 30] It is the same drawing as drawing 25 . 
[Drawing 31] It is the same drawing as dra wing 26 . 
[Drawing 32] It is the same drawing as drawing 27 . 
[Drawing 33] It is the same drawing as drawing 28 . 

[Drawing 34] In order to obtain a different ingredient from the remainder of the pole tip which 
separated further from the gap layer G, except for the point which additional pedestal pole tip 
layer PT1c and pole tip element PT2b have deposited, it is drawing of resemblance in drawing 
33 ■ 

[Description of Notations] 
G Gap layer 

MR Magnetic-reluctance element 

P1 Bottom pole piece 

P2 Apical pole piece 

PT1 Bottom pole tip element 

PT1a Bottom pole tip element 

PT1b Pedestal pole tip layer (top pole tip element) 

PT1c Pedestal pole tip layer 

PT2 Pole tip element 

PT2a Pole tip element 

PT2b Pole tip element 

51 The 1st shielding layer 

52 The 2nd shielding layer 

40 Magnetic-Disk Driving Gear 
42 Magnetic Disk 
44 Motor 

46 Thin Film MR Combined Head (MR Combined Head) 
48 Slider 

50 MR Read Head 

52 Write Head 

54 Air Bearing Side (ABS) 

56 Head Suspension Assembly 

58 Driving Gear Electronic Circuitry 

59 Driving Gear Housing 

60 Pole Tip Element of Write Head 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 3] 

112 




[Drawing 41 
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[Drawing 15] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawin g 14] 
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1.0 



o.a 
« o.6 

< 



0-2 

















u 












\\ 


G=0.4m 


N 








\\ 










\\ 1 


1 


1 




\\ 








! 










! 
















ill 







0 1 



[Drawing 12] 
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[Drawing 17 
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[Drawing 18] 
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[Drawing 20] 




[Drawing 21] 
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[Drawing 22] 
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[ Drawing 23] 
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[Drawing 25 ] 
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[Drawing 26] 




[Drawing 27] 
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[Drawing 29] 
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[Drawing 30] 
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[Drawin g 31] 
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[Drawing 33] 
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[Drawing 34] 
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